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JXXrHRJAII£NTAL CARDIAC \’AL\'ULAR DISEASE IN 
DOGS \XD SUBACUTE AND CHRONIC CARDIAC 
\ \L\ ULAR DISEASE IN ALAN 

\ COMP\K\Ti\n r\TIIOLOGIC STLD\ 

JOHN H POWERS, AID 
RoMckiit Siircfcon, Peter Bent Bnirham Hospital 

BI^STON 

In .1 i)ie\ioub papei ' a method wa^ piesented tor ci eating cardiac 
\al\ular dibcase m dogs The purpose ot the present stud\ is to com- 
jiare the gioss and nncioscopic stnictines of tliese experimental canine 
lesions with the lesions of subacute and chronic caidiac vahulai disease 
in man 

dhc contention has been advanced b\ Switt- and others that the 
vegetations of suhacute bacterial endocarditis aie engrafted on abnormal 
vahcs and m the majont} of instances, on ^al^es that have been the 
site ot rheumatic cndocaichtis B\ the method preMoush described,^ 
similar vegetations ma\ be implanted on aitificialh traumatized \ahes 
111 dogs The chi onological deielopment ot the two lesions m each 
case IS revtised however In man, some form of lahular disease 
appeals to be essential before vegetatne endocarditis mai occin In 
dogs, fibrosis and cicatuzation take place as the lesions ot acute regeta- 
tive endocarditis heal 

Although the etiolog} of rheumatic mitral stenosis is quite ditterent 
from that ot expeiimental stenosis, in both gross and micioscopic 
patholog} , the tw o lesions are somew hat comparable 

MET HOD 

Undei ether anesthesia administeied intratrachealli Im the Erlangei 
respiratoi} appaiatus, the heart was exposed b} subperiosteal resection 
ot a poition of the left fifth rib The electrode ot a diathernn unit 
dehveimg a high frequence, bipolar current was introduced into the 
chambei of the left eentncle through the anterior wall When the tip 
ot the instrument w'as accuratel} approximated to the inferior surface 
of the leaflets of the mitral ealve the current was applied When the 

Submitted for publication, Dec 19, 1929 

From the Laboratori for Surgical Research of Har^ard Unnersit\ Medi- 
cal School 

1 Powers, J H The Experimental Production of Alit'^al Steno",!- Arch 
Surg 18 1945 (April) 1929 

2 Swift, H F The Heart m Intectioii, Am Heart J 3 629 1928 
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\ahe had been adequate!} tiaumati/ed, the mstiument was withdiawn 
and the w'^ounds weie closed 

Fift} -seven opeiations weie pci foimed 1 he total opeiatne nioital- 
it} w'^as 33 3 pel eent Eiqht doi^s weie not inoculated Subsequent 
examination of the hearts of these .inimals showed small fibious scars 
at the site of coagulation hut no thiekcninq of the leaflets of the ^ahc 
and no stenosis ot the oiiliec 

Fne dogs weie inoculated intia\enousl} with eultuies of Sli cplococ- 
CKS cm dioai llu liiaiK d he icm.uning .inimals leeeued eultuies of 
Sfi epfocoti us z'liicimn All hut two' de\elo]K‘d c\idence of acute 
vegetative cndocaiditis on the tiaumati/ed \al\c If the acute piocess 
subsided, the leaflets became thickened and lihiosed , dense, cai tikigmous 
scais foimed aiound the base of the initial ring, <uid frequenth a leal 
stenosis of the onficc was appaient 

Into seveial noimal dogs were injected eultuies of Sti cpiococcuz 
vindons foi the pin pose of eontiol studies \\ hen the hcaits were 
subsequent!} examined, no evidence of cndocaiditis was found 

Fiom the expeiimcntal matciial thus oht.iincd thiee hearts have been 
selected to dcmonstiate the gross and mieioscojiic structuie of these 
lesions Fiom a laige numhci of human heaits that weie studied, two 
hav'^e been chosen to illustiate the eomiiai.itue jiathologic changes 

I>Ri:sr\l \1 ION Ol M VTLRI \r 

Ex pcnincnlal Li^ton^ — Do( If-30 — nkctroco.itiiil.Uioii of tlic mitral vahe was 
performed under ctlicr aiicstlicsia On tlic third i>ostopcr itnc d i\ no murmur 
was audible Tlic dog was inoculated mtravenoush with 20 cc of a broth cul- 
ture of cplocociii^ Two da\s later a Inrsli, blowing s\stohc murmur 

was audible The dog w<is injected with 80 cc of a similar culture The fol- 
lowing dav a blood culture was taken, and Sli t f'lomrcw; vtndaw; w.is obtained 
The animal was killed one week after the first mocnlation and the hc.irt was 
removed immediateh 

Gross Description The heart was normal in sire and consistencv The 
pericardium was adherent over the anterolateral border of the left ventricle at 
the site of the recent operative incision No thrombi were present and with the 
exception of the wound m the left ventricle no mvocardial abnormalities were 
apparent 

The aortic, pulmonic and tricuspid valves were normal 

Almost completely encircling the mitral v'alv'c was a rim of gravish, translu- 
cent, wartj vegetations from 1 to 3 mm in diameter (fig 1) These lesions were 
friable, though firmh' attached to the segments of the vmIvc just above their free 

3 Small, J C The Bacterium Causing Rheumatic Fever and a Prehminarv 
Account of Its Specific Antiserum, Am J M Sc 173 101, 1927 

4 When the hearts of these two animals were examined post mortem it 
was evident that the electrode had been passed through the mitral orifice and 
placed in contact with the endocardium of the left auricle The leaflets of the 
mitral valve were normal 

5 The author is greatlv indebted to tlie Department of Pathologv of t le 
Peter Bent Brigham Hospital for the opportunity of examining these specimens 
and for valuable assistance in the interpretation of his observations 
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margins On cross-section tlicie was no fibrosis of the segments and no thicken- 
ing except where the incision passed through a vegetation The orifice of the 
\al\e admitted the tip of the little finger 

J.Iicroscopic Description The sections w'ere stained W'lth hematoxylin and eosin, 
Giemsa and Goodpasture stains The section included a small portion of both 
the auricular and the \entricular w'alls and a complete segment of the mitral 
^al\c Except tor some edema of the auricular w'all, the mvocardium of both 
auricle and Aentncle was noimal A.s it approached the mitral valve, the endo- 
carchutn became thickened, and a pronounced cellular response was evident in an 
area of considerable sire at the base of the leaflet This cellular infiltration 
extended for some distance along the subendocardium of the ventricle and con- 
sisted almost entireK of poh morphonuclear leukocytes On the ventricular aspect 
of the base of the valve was a superficial area of myocardial necrosis wuth early 
fibroblastic proliferation into the periphery Hemosiderin w'as quite prominent 
A considerable amount of hemorrhage w'as present 



Fig 1 — Experimental vegetative endocarditis produced by electrocoagulation 
of the mitral valve and intravenous inoculation with cultures of Streptococcus 
viridans m dog B-30 The animal was killed one week after the first inoculation 


The mitral valve itself was greatly altered From the widened valvular base, 
which was heavily infiltrated with polymorphonuclear leukocytes and in which 
areas of necrosis were visible (fig 2), the valve approached more normal thick- 
ness until the distal half was reached Here the endocardium was almost replaced 
by a large thrombus Only a few strands of necrotic fibrous tissue were apparent 
A heavy infiltration of polymorphonuclear leukocytes had occurred into the 
remaining substance of the valve 

While a considerable portion of the degenerative changes in the valve w'as 
probably due to coagulation, there were numerous thrombi wuth large numbers 
of inflammatory cells which were characteristic of bacterial injur 3 " In fact, 
examination of identical sections through the valve of another heart reiealed 
several clumps of bacteria embedded in the thrombi (fig 3) 

Dog B-19 — Electrocoagulation of the mitral rahe was performed with the 
dog under ether anesthesia During the next three weeks a transient, soft srs- 
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tolic niurmur was audible T lie dog was in good licaltli Subscfiucntl\ the 
murmur disappeared and tlie animal was rcoperated on si\ weeks after tlic first 
procedure Tw’o mtra\cnous inoculations w’lth Sli cf>tococcu<; r’l/ k/oik were admin- 
istered, and this organism was recoxcred in pure culture at mterxals until death 
One month after the second operation auscultation of the heart rexcaled a mod- 
erately loud sx'stolic murmur, no second sound and a short e.irh diastolic rumble 
The dog gradualh became lethargic, would not stand, refused food and water, 
and died on the fortv-second postopcratixc da\ The heart was not remoxed 
until sexeral hours later 
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Fig 2 — klicroscopic appearance of the base of the mitral xalxe shown in 
figure 1 The section shoxvs granulation tissue on the surface of the x^alve, 
myocardial necrosis, and a heaxy infiltration of inflammatorx" cells into the 
subendocardium 


Gross Description The heart xvas of normal consistency and showed a healed 
incision on the anterior surface of the left x'cntricle The various chambers of 
the heart xvere free from thrombi, and the x'alx^es, xvith the exception of the mitral 
were normal 

When examined from above, the mitral valve showed remarkably thickened 
segments and on palpation xvould not admit the tip of the little finger (fig 4) 
The mitral orifice presented an irregularly ox’al opening xvhich xx'as slightly over- 
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hung by a thickened, contracted ridge of auricular endocardium about 3 mm 
abo\e the margin of the valvular segments 

On cut section the valve was thickened, especially along the free margin, and 
tough and fibrous in consistency 

^Iicroscopic Description The section included a portion of the auricular and 
ventricular walls and the entire mitral leaflet The area of involvement was 



Fig 3 — Clumps of bacteria embedded in a thrombus 



Fig 4 — Experimental mitral stenosis in dog B-19 The segments of the vahc 
are thickened and the orifice does not admit the tip of the little finger The 
animal died of cardiac failure six weeks after the onset of acute endocarditis 

approximately the same as in the heart previously described A notable differ- 
ence m the two sections, however, was at once apparent in the amount of organ- 
ization that had occurred At the base of the laKe was an extensne proliferation 
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of fibrous tissue \\ith the foimalion of fibiocartil.iRe at tlic junction of tlie infeiior 
surface and ventriculai endocardium New blood \csscls were prominent about 
the outer limits of this dense scar tissue and fibroblastie proliferation was eMcIeiu 
Enclosed within the scar tissue at the base of the \al%e was a necrotic mass of 
formless material m wdiich no cellular elements were recopni/able 1 he sub- 
endocardial granulation tissue on both auricular and %entricular snriaecs wa- 
carned out onto the trcmendouslv thickened \al\ular leaflet, ind in most fields 
small, thin walled blood vessels were seen embedded in the fibrous tissue On 
the distal end of the vahe there was still some formless nccrotie m iterial m 
wdnch hemosiderin was found 

Dog B-25 — Electrocoagulation of the mitral \al\e was pirtormed under ether 
anesthesia A soft s\stolic nuirnnir was audible after the oiier.itmn One month 
later the dog was gi\en two nitra%cnous inoculations with eiiltures ot Stnpto- 
coccti^ viitdan<! Subsequenth , the nuirmur was shghtU aceentu.ited The aiiim il 
w'as reoperated on and reinoculatcd twice with lOf) ec of a similar ciiltuie 
One w'eek later this organism was reco\cre(l from the blood stream 

Three months after the second operation, auseultation ot the heart rc\caled 
reduplication of the second sound but no definite diastolic mnrmur 1 he dog w i'- 
ll! good health The blood culture was negatne 1 he mini il w.is killed four 
months later, and the heart was remo\ed immednteK 

Gross Description With the exception of the mitral e ihe the general 

appearance of the heart was idcntieal with that of tlie preceding one 

WTien examined from abo\e the mitral orifice was reduced in caliber and 
did not quite admit the tip of the little finger ‘\t the anterior junction ot the 
aortic and lateral segments a somewhat pohpoid puckered, eartilagmoiis nodule 
was apparent The aortic seginen* ind midportion of the lateral segment were 
markedly sclerosed and measured 3 5 mm in thickness On the scarred margin 
of the lateral segment was a hard, smooth, cartilaginous nodule 3 imn in diam- 
eter This appeared to be a healed \egetativc lesion beeause of its intimate rch- 
tionship to the puckered, scarred, eahular m,irgm 

The aortic segment w’as much thickened, tough and fibrotic (fig 5) On the 
inferior surface, at the junction with the ecntncnkir cndoeardium, was a small, 
cartilaginous nodule similar to that on the sipierior surface of the lateral segment 
In cross-section both lateral and aortic segments presented a fusiform contour 
w'lth the greatest thickening in the proximal third just distal to <i slight con- 
striction at the base (fig 6) 

Microscopic Description The tissue was taken from the specimen shown in 
cross-section in figure 6 Portions of the auricle and ventricle and the entire 
aortic segment w'ere included There w'as no lesidual exudate on the !al\e The 
leaflet w'as markedly fibrotic and presented a fusiform thickening of the inner 
half largely due to the replacement and ingrowth of fibrocartilage There was 
also a large area of fibrocartilage near the base The cartilaginous character ot 
the tissue was manifested by the presence of tvpical, clear cells embedded in a 
deeply basic staining matrix (fig 7) At the borders of these cartilaginous aieas 
there was a gradual transition into dense acellular connective tissue Vascular- 
ization was apparent on the superioi surface of the leaflet, wdiere several pre- 
capillary sized blood vessels were seen 

Human Legions — Case A-29-3 — A wdiite woman, aged 34 was brought to 
the hospital because of bronchopneumonia and diabetes mellitus The histori 
disclosed the fact that she had been treated for cardiac lahulai disease of rheu- 
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malic oiigm clc\cii \tais picMoiish Plnsical examination of the heart nas 
unsatislactor\ Ijccansi. the sounds wcic obscured bv liarsh breathing and a loud, 
picnial fiiclion mb The patient was moribund on admission and died a few 
liouis later ^ccropse was perfoimed 



Fi" 5 — F xi'cnmcnUl mitral stenosis in dog B-25 Both segments of tlic \ahe 
are maikedh thickened and sclerosed The oiifice would not admit the tip ot 
the little finger 



Fig 6 — Vertical section through the aortic segment of the stenotic mitral 
valve shown m figure 5, and through a normal valve for comparison The \ahe 
at the left is densely scarred and thickened, at its base is a firm cicatrix com- 
posed largely of fibrocartilage 

Gross Description of Heart The heart was moderateh hi pertrophied and 
dilated and weighed 395 Gm The myocardium of the left rentncle measured 
15 mm in thickness , that of the left auricle, 4 mm The riglit side of the heart 
showed no abnormality 







Fig 8 — Mitral stenosis of rheuindtic origin in case A-29-3, showing \abcu- 
larization of the valve and superimposed legetatne endocarditis The \ebaels 
have been rendered prominent bj injection of the coronarj circulation with a su-pen- 
Sion of bismuth subchlonde (Compare the gross appearance of this \ahe with 
that shown in figure 5 ) 



Fig 9 — Vertical section through the lahe shown in figure 8 There is a 
marked increase in the thickness of the segment (Compare with figure 6) 
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IMicrobCopic Dcscnptioii The hi'.tologn. t\anunation itithukd a tro'.s stt- 
tional btuch of the entire nntrai \al\c and poitions of the .idjaccnt anncnlar 
and \entricnlar walls In the \enliicnlar nnotarduiin .it the base ot the .aht 
there was a wide aica of sc.ir tissue with fibrous b.inds iunnin>: out for Ki'C'it 
distances between indnidu.d inusele fibers and bundles of e.irdiae imiseul iturc 
A scatteiine of hiiiphoid and plasma eells jKrsisted i,i this fdirnus tissue Near 
the base of the \.ihe were nunie"nus eica'nees .ibout small b'no<l \tssils In 



Fig 10 — Severe mitral stenosis wnth marked tliickcning and searring ot the 
entire \alve m case A-29-14 (Compare with the exiierimental lesion shown in 
figure 4 ) 

some instances these scarred aieas w'cic quite hcavih infiltrited with hniphoid 
cells and endothelial phagocetes 

The mitral valve itself w'as long and unifoimh thickened The endocardium 
was intact except at the tip, where a small organizing thrombus w'as attached 
Capillary and precapillar}'- sized blood vessels w'erc prominent throughout the 
entire length of the valvular leaflet The valve itself w'as devoid of cellular 
infiltration , it w'as dense and fibrous The subendocardmm on the auricular side 
was more prominently thickened than was that on the ventricular aspect 
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C\si. A-29-14— A \\hite man, aged 48, entered the hospital because of edema 
of tlie ankles, chspnea and precordial pain The history revealed the fact that 
he liad had rheumatic fe^cr at the age of 18 and again at the age of 28 Physical 
examnntion showed cardiac enlargement, a presjstolic thrill, a rough presystolic 
imirmur, and ,1 loud snapping first sound There were signs of fluid at both 
bases T he patient died of cardiac failure 

Gross Deseription The heart was markedly hypertrophied in all chambers 
and weighed 495 Gm The iinocardium of the left ventricle measured 18 mm 
in thickness, that of the right ventricle, 6 mm , the left auricle, 6 mm , and the 
right auiicle, 4 mm In addition to the hypertrophy, there was marked dilata- 
tion of all chambers, especially of the left auricle and to a less degree of the 
right .uiricle 

The pulmonic \al\e w'as normal The aortic valve showed thickening of its 
segments with fusion of the anterior and right lateral cusps At this point there 
was also some calcification The tricuspid valve w'as moderately thickened and 
stenosed The orifice admitted only the tips of two fingers 

1 he mitral ^ ah c was of the "hsh mouth” variety and would not admit the 
tip of the little finger (fig 10) The orifice w'as crescentic in appearance and 
measured 7 mm by I mm m its greatest dimensions There was marked wmink- 
Img and puckering of the entire valve and to a less extent of the endocardium 
of the left auricle A small, friable thrombus was attached to the auricular wall 
on the interauricular septum One circumscribed cartilaginous elevation was 
present on the aortic segment No vegetations were apparent 

Microscopic Description The histologic appearance of the mitral valve was 
similar to that described in case A-29-3 Thickening of the valvular segment 
was more pronounced, and small blood vessels were more numerous There were 
also a few' small foci of round cells embedded in the dense fibrous substance of 
the valve There was no remaining cellular response in the myocardium of the 
adjacent auricular or ventricular walls 

SLMMARY AND CONCLbSIONS 

The ^egetatlons of acute endocarditis produced expenmentalh in 
dogs by electiosurgical traumatization of the mitral valve and subsc- 
queiit intravenous inoculation with cultuies of Sti eptococcus vuidans 
are similar to the vegetations of subacute bacterial endocarditis in man 
In some cases it is possible to demonstrate microscopically clumps ot 
bacteria included within the thrombi Some of the larger areas of 
necrosis which occui m the expeiimental lesions may be attributed to 
the coagulation of tissue produced by the operative piocedure Heavy 
infiltration of inflammatory cells occurs m both types In the more 
chronic experimental lesions, lepair occuis by ai'ascular cicatrization, 
in the human lesions, vascular organization is usually more prominent 
The human heaits show more shortening of the coidae tendineae and 
a moie diffuse, complete involvement of all the segments of the \ahe 
In the favorable canine lesions which go on to complete healing 
fibiocaitilage is laid down A thickened fibrous \ah'e is produced 
which IS somewhat compaiable to mitral stenosis of rheumatic origin 


in man 
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IOWA cn\ 

Consideiable inteicst has letenlly been aioused concci niiiti a dis- 
ease entity of the skeleton which has been lefened to most commonh 
as multiple caitilagmous exostoses Ceitaml} the manifestation of 
mteiest m the disease m Ametiea can be said to be lecent foi the fitst 
case leported m this counti} was In Gibne\ ’ m 187s Xot unlike most 
disease entities of the skeleton, this disease has been j,u\en a name In 
almost e^cl\ authoi who has wiitten about it Like piaclicall} all of tlie 
heieditan disease entities of the skeleton, its etiolot^c leinams a m\stei\ 

It IS not within lU} pi o\ nice m this pajiei to discuss m detail the 
disease itself, foi this has been adecjuateh done m a nuinbci of 
lelativeh leceiit papeis jiai ticulaih m that of \lbeit IChienfi led - 

The studies hcie aic dc\oted to thiee aspects of the disease (1) a 
brief study of the disease as lepicsented b\ the case leported m this 
papei, mcludmtj the hcieditai} and familial featmes (2) a consideiation 
of the changes that occuiicd m one of the tumois and that suggested 
mahgnanc} , (3) a compaiatne stud} of this disease with ehondto- 
dystrophia fetalis 

Heieditan defoimmg chondiocUsplasia is ehai.ietei i/ed In a numbei 
of definitely lecognized features It is heieditaic and familial haMug 
been traced thiough five geneiations m sevcial instances Roth males 
and females ma\ tiansmit the disease and wdnle it mac be tiansmitted 
by an unaffected female, theie is no evidence that it can be tiansmitted 
be an unaffected male It has been lecoided that two motheis had 
affected childi en by cliftei ent husbands, and that one fathei had affected 
childien m tw^o maiiiages Theie is a tendency to con foi in to the 
mendelian law of inheiitance, and males piedommate m the piopoition 
of 3 1 

In attempting to find an etiologic factoi, Yiichocc and otheis liac’^e 
considered the condition secondaiy to rickets Howevei, aside fiom 
the fact that the microscopic ci oss-section of the diaphcsis and epi- 

Submitted for publication, Feb 3, 1930 

*From the Department of Surger\ of the Unnersitc Hospital 

1 Gibney, V P Multiple Exostoses, Med Rec 10 300, 187S 

2 Ehrenfried A Hereditarj Deforming Chondrodc splasia — Multiple Car- 
tilaginous Exostoses A Recneev of the American Literature and Report of 
Twelve Cases, J A M A 68 502 (Feb 17) 1917 
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physis piesenls a coiisideiably dififeient pictuie in the two disease 
entities, theie aie ceitain clinical facts which also militate against this 
possibiht}' Among the niimeious instances of lecognized rickets, this 
chondiodysplasia is not seen to occni, and so fai as my observations 
have been concerned, ceitam chaiactenstics which show up in rickety 
bone ends, such as the paiallel tiansveise lines of increased density, aie 
lacking in this disease huitheimoie, the pathologic change in iickets 
consists essentially in the pioduction of osteoid tissue with a deficiency 
in calcification wheieas heie one is dealing with a distorted, unregulated 
line of ossification and sometimes indeed with a premature ossification 
of the intei medial y caitilage The latter probably accounts for some 
of the shoitcnmg- of the extremities and has suggested to some a 
lesemblance to chondiodystiophia fetalis Again, the treatment for 
iickets IS a well lecognized and standardized therapeusis affecting a 
cuie, wheieas similai treatment has no curative or abating effect on the 
disease m question Histologic studies have been made which beai 
adequate witness against an identity of the two diseases Othei eti- 
ologic factois that have been mentioned are the thyioid gland, a 
tiophic disturbance due to a degenerative disease of the nervous system 
and syphilis and tuberculosis 

Although the primary factor is not established, it would seem to 
me that at least one fact is tenable and clear, that cartilage rests are 
left in the wake of a chaotic advancing epiphysis, and these rests 
undoubtedly foim the nucleus of the anomalous benign tumors Ehren- 
fned’s micioscopic studies of such epiphyses and bones bear this out, 
and, of couise, whether one encounteis a sessile tumor on the shaft or 
a cential tumoi expanding the cortex depends on the location of the 
caitilage rest 

Sii Aithui Keith, ^ carrying the analysis further and offering a 
somewhat diffeient explanation, maintained that a retardation or absence 
of the pinning and modeling process in the diaphysis is the responsi- 
ble factoi, and he proposed the name “diaphysial aclasis” to designate 
the disease 

Briefly, the disease may manifest itself m any of the bones foimed 
from caitilage but not m intramembranous bones Hence the cranium 
is seldom affected An occasional exostosis and spur have been reported 
as occurring on the cranial vault and from the basilar process at the 
spheno-occipital junction, but bv far the more common observation in 
all the case leports studied is a noima! cianium 

3 Pels-Leusden Klmische, pathologisch-anatomische mid radiologisclie 
Studien uber Exostosis cartilaginea multiplex, Deutsche Ztschr f Cliir 86 434, 
1907 

4 Keith, A Studies on the Anatomical Changes Which 4ccomp<im Certiin 
Growth Disorders of the Human Bod\ J Anat 54 101, 1919 
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Intel esting complications ha^e been lepoited owing to the location 
of the giowth and mechanical piessuie Outstanding examples aie 
those which cause neuiologic symptoms due to piessuie on the sjiinal 
cord and intrapelvic giowths causing dystocia m the biith canal 

Di Boggs/ in 1913, repoited an inteiestmg case m which the patient 
presented an optic and acoustic nene degeneration but he concluded 
that these were not attiibutable to the skeletal disease Di Bloodgood 
m a discussion mentioned two of his collected cases in n Inch the lesions 
showed cyst foimation He stated fmthei that multiple cnchondromas 
and exostoses aie the only two congenital lesions of the skeleton pro- 
ducing c}st foimation Other diseases mentioned which pioduce C}st 
formation aie osteitis filnosa (von Recklinghausen's disease), osteitis 
deformans (Paget s disease), osteomalacia and meicuiial poisoning 
He also stated that no examples of malignant dcgeneiation had been 
observed m multiple congenital osteochondi omas 

The tumors have been lepoitcd piesent at biith and appealing as 
late m life as the age of 50, although it is inoie common to find their 
growth coincident with that of the noimal bone Recession m giowth 
after puberty has also been repoited 

Among the many varied and inteiestmg chaiacteiistics of the tumors 
themselves as they occui in the vaiions enchondtal bones, w'hich have 
been discussed in detail by Ehienfiied, is the pccuhai distoited develop- 
ment of the ulna and fibula, paiticulaily as compared w'lth that of the 
radius and tibia, respectively The low'er end of the ulna and both ends 
of the fibula may be lacking considerably m necessaiy length, ending 
wath a distorted, perhaps sqiiaied or lounded oft end, piesentmg a foam- 
hke roentgenogi aphic appearance The dispropoitionate development 
of the tw'o bones in the forearm and in the leg gives use to a distoited 
and crippled appearance of the extiemities, particularly of the hands 
such as manu vara, dislocation of the head of the ladius and a weak 
wrist joint An adequate explanation of these almost constant dis- 
proportions has not been made A compaiison of the times of ossi- 
fication and union of the epiphyses does not offei enough disci epancy 
to arouse interest (The heads of the ulna and ladius ossify at the 
tenth and fifth years and unite at about puberty The distal ends 
ossify at the fourth and second yeais and unite at the twentieth yeai 
The heads of the tibia and fibula ossify shortly after birth and about the 
fourth j^eai, respectively, and unite at the twentieth and tw^enty -fifth 
yeais The distal ends ossify at the second yeai and unite at the 
eighteenth and twentieth years ) 

A possible explanation for this inteiestmg defoimity which occui s 
where two bones are m juxtaposition, as m the forearm and leg, may 

5 Boggs Bull Johns Hopkins Hosp 24 210 1913 



H YNDMAN—CHONDROD YSPLASIA 


15 


be found in the cliveision of the normal epiphyseal growth In the 
instances in winch one of the two bones has stopped short of its normal 
giowth and one of its ends piesents a stublike deformity as if pait of 
the bone had been melted away, one sees proximal to this an enchon- 
dioma abutting the shaft of the adjacent bone In some cases the 
lattei, apparently leacting to the stimulus of the former, throws out 
a bulwaik of bone to meet it The resulting picture is that of a pseudo- 
joint, and thus it is not illogical to assume that m this way the normal 
linear epiphyseal growth is distoited laterally and the stimulus for lineai 
growth stunted if not completely lost How this factor could play 
such a lole in both the forearm and the leg is shown in figure 1, taken 
from McP'ai land’s lepoit of a case ® It can also be seen in the case pre- 
sented heie (figs 4 and 7) 



Fig- 1 — Roentgenograms of the arms and legs of McFarland’s patient (Surg 
Gyncc Obst 48 268, 1929) Note the effect of pseudo-joint formation on the 
growth of the ulna and fibula 

1 he tumoi itself varies in its content of bone, but is practically 
always less dense than the adjacent normal bone If it is centrally 
located, it expands the cortex Roentgenologically, it presents the “lace 
cm tain efifect” oi “foamhke” structure, resembling in some wa_vs the 
giant cell tumor of bone Delicate bone septums encase the less dense 
cartilaginous tissue Although these tumoi s may grow to an enormous 
size, in a i oentgenogram they present only in rare instances an appear- 
ance that IS the least suggestive of malignancy such as is found m 
saicoma of the bone 

REPORT or CASE 

/A T^OM' — Daniel T, a white man, aged 48, a natne of loua, first entered the 
Universitj Hospital on June 30, 1927, with a complaint of a shghtlv painful tumor 
of the right hip The patients father was of Irish descent and died of pneu- 


6 McFarland J Hereditar\ Deforming Chondrod\splasia, Surg G\ncc 
Obst 48 268 1929 
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monia at the age of 67 He was =5 feet, 2 inelies (151 cm ) tail and presented 
what the family referred to is the “Joher m.irk ’ (short e\tiennties and an 
inability to extend the foiearms fulh) It is interesting that the h> redit ir\ 
nature of tins disease Ins been so impiessed on the famil\ for at least three 
generations that it has been icteried to ns the ' Joher mark,' the f iiniK name 
being Toher The pnticnt\ mother was also of Irish descent and died of pneu- 
monia at the age of 87 ^,cItIleI she nor hei aneestrs ])resentid tin lohir mark 
or other skeletal deformits She hid a flesln Itimor leimned Irom the calf of 
the leg at middle age The father had two brothers, both of whom jireseiited 
the Toiler mark One hid an eleeation of one of his shoulders wliieli w is 
attnbntcd to a boin tumor J he other’s arms weie limited in extension to .ibniit 


$ i 






Fig 2 — Familj tree of Daniel 1 , showing hercdit.ii \ .nul familial tondenei 
of deforming chondrodj splasia Affected persons arc repieseiitcd bj the com- 
pletely shaded circles, the unaffected persons b\ the unshaded circles Ihe 
asterisk denotes my patient 


45 degrees One brother wms tiie father of li\c children, thice of whom weic 
short in stature and tw'o were 6 feet (183 cm) tail One of the former ms 
knock-kneed to such an extent that his legs w'crc straightened by operation All 
of the children, however, presented the Toher mark The second brother had 
SIX children, all of whom showed this mark The patient had three children, one 
boy and two girls The boy w^as 16 years of age and was 5 feet, 9 inches (175 
cm ) tall, and although he did not present the Toher mark, a bony tumor had 
developed under the right knee since the onset of puberty The gnls were 13 
and 10 years of age, and presented no visible deformities A plan of the family 
tree is shown in figure 2 

The patient said that he had not had syphilis or gonorrhea He did not use 
alcohol, but used tobacco freelj He had had the ordinary diseases of childhood 
and diphtheria, and he had had rheumatic fever and sciatica at the age of 10 
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Three ribs were broken m 1910 He had had no other accidents and no opera- 
tions The cardiovascular, cardiorespiratorv Texcept for irequent colds) the 
genito-urinary and the gastro-intestinal sj stems were normal The nervous svs- 
tem was normal, except for the pathologic changes in the present illness 

The patient complained of multiple tumors over his bodv, v hich first attracted 
his attention at about the age of 14 and grew progressive!} as ne grev fHe 
was born with the “Toher mark” but, to his knowledge, not with the enchondro- 
mas) The tumors were not painful or tender until August, 1926, when the one 
at the right hip began to be tender and to enlarge rather rapidiv He began to 



Fig 3 — Daniel T (April 29, 1929) Note the limit of extension and deiorm- 
itv of the left forearm, tumors of the right hip and thigh and the lack oi 'cbon- 
droplasic features of the cranium 

feel “sciatic pain” down to the foot m the region of the sciatic nerve The loot 
grew ■somewhat uumh and tingled especiaJh on the plantar <;iirfife 'i h' .ocb 
became shghtl} bluish, and though the feet had alwavs perspired i are it df'il, 
this one became drv There were no other complaint'^ 

After the firet two roentgen treatments he said that all oi the e piienomia.i 
disappe ired, and the feet again became alike 

Liaiiiiiintwii — Phvsical examination showed the patient to be aiioiit 5 net 6 
inches (167 3 cm ) tall, well developed and well nourished an intelhgc it ’ hi’e 
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American man, appearing to be about 45 Mars of .igc Ih came to the clinic on 
crutches, with an ohvious flcMon dcforinits of the right hip ami mirkcdls hinitul 
motion of the same He did not appear to lie in aii\ pain ami the iiln singiioiin 
appeared normal 

The skill was uarm and of normal thickness and coiisisteiici lliere was i 
normal amount of moisture No lesions were seen, and tlie growtli of bur was 
normal for the male The head was of normal sliapc and eoiitoiir witli a lair 
grow'th of shghtli gra\ hair winch was not unusual 1 lie ties were blue, and 
were not unusual The ophthalmoscopic obsonations were iiegaliit 

The cars and nose presented no objeetiie or subjectiic abiiorm ilities J he 
teeth w'crc in poor condition, and the tongue was rather deepli furrowed 'I he 



Fig 4 — Roentgenogram of the forearms of Daniel T (Jul> 2, 1927) Note 
particularly the unfinished development of the distal end of the ulna and the 
enchondroma proximal to this The attempt at pseudo-jomt formation here has 
probably diverted the stimulus for epiphyseal growth 

tonsils were mildlv hjpcrtrophied, and the pharynx w'as mildlj injected There 
were a few small, soft and movable glands in the posterior triangles of the neck 
The thyroid gland w^as not palpable, and there w^as no suggestion of stiffness of 
the neck 

The chest was symmetrical, well formed and of good and equal expansion 
Litten’s sign was present The lungs were normal to percussion and auscultation 
The point of maximum impulse of the heart was felt at the fifth intercostal 
space just inside the nipple line It was not enlarged to percussion, and ausculta- 
tion revealed no irregularities or murmurs The pulse rate w'as 16 to the 
quarter, regedar and of good volume and fair tension The arterial walls were 
soft and elastic The blood pressure was 110 se'stohc and 70 diastolic 
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The abdomen A\as normal m appearance, being slight!} rotund There t\as 
no tenderness, fluid or masses to be felt The solid organs uere not felt 

The knee reflexes, ankle jerks and biceps, triceps and abdominal reflexes were 
equal and actue on the two sides 

Both forearms and upper arms appeared shorter than normal Both arms 
measured 28 cm from the point of the shoulder to the external condjle ol the 
humerus, and the forearms measured 21 cm from the olecranon process to the 
region of the shloid process of the ulna The left forearm was limited somewhat 



Fig 5 — Roentgenogram of the left humerus of Daniel T fOct 2 1927; 
showing exostosis in about the midshaft region 

in extension, as can be seen in figure 3, and the examiner at first thought th U 
there was a congenital absence of the ulna The upper third of the right humerus 
presented a nodular tumor fixed to bone and liaMng the leel of an e'ostoM- 
The left humerus presented a similar tumor The left loner e\trcmit\ prc'tnttd 
a similar tumor on the inner aspect ot the lower third of the thnrh The rignt 
lower extremiti presented a large tumor in this same relati.c location and a 
large tumor of the right hip The latter tumor i as a large simmctric'l =v c/h ,g 
which had eradicated the gluteal fo’d The skin surface o\cr it . as ^hglnl 
reddened and freeh movable The tumor % as fai'-l\ well outlined and nuiKhd 
It was fixed secureh to bone and was of bon\ consistent and smooth but tne-e 
was a sense of fine irregulariti It was tender centralh to gentle pre •'U^e n 
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wac the <^cat ot the p'ltLUtb pain Xoml o! tlu i>tlu- tuiiKirs w.is tuuki id (.\cn 
firm pressure Tlurc w.!*. a l nr clmrct »•! e\tii’‘.idii ot tlit llimli. hut fli Mdii wa- 

quite limited \t the time ot wntim; the cireiimieri iiei oi tlie nj^ht liip w.ie 72 5 

cm compared with 58 5 em ot the lett 1 he t luiiiiilertiKt ot tlu neht tliiKh m 

the region ot the lower tumor w le 5=5 em compired witli ^0 cm on the left 

The laborator\ examnntion wae made on Iniie 50 1*>27 '1 he blood count w is 

hemoglobin, 75 per eent red cells iSOOtKHl, winte eelK (> 55() difi’erditii! count 
poh morphonuele ir iieutroplnK 7<) jier eent jioK morphoniieli ir lo-inoplnis, 5 
per cent small hinphoee te- 15 jier eent and eiidoietes 6 pir eent 



Fig 6 — Roentgenogram of tbe right femur of Daniel T ( Viiril d, 1929'), 
showing large cnchondroma m which chondromatons changes aie beginning to 
take place comparable to those m the hip h>ote also the small exostoses 

Urinah SIS showed color amher specilie graeite, 1 050 , albumin, 0 sugai, 0, 
acetone 0 pus blood and casts 0 The Be nee- 1 ones test for protein was 
negatn e 

On April 29 1929 the blood calcium was 14 mg per hundred cubic centimeters 

Roentgenograms of the entire skeleton wcic taken some of which are repro- 
duced here On June 30 1927 Dr T F Baxtei reported a laige osteoid tepe 
of bone tumor meohing tbe region of the right hip at that time a benign tumor 
with none ot the characteristics of sarcoma or carcinoma Theie weie also 
benign congenital osteoid tumors iinohing the lower shaft of the right leniui, 
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upper portion of the ngrht tibia upper portion of the left humerus distal portion 
of the left clancle, upper portion of the right humerus chondral portions of the 
anterior regions of the ribs (more marked on the lett side) both the right and the 
left radius and ulna (uith deformiti and v idemng of the shatts and markea 
deformity of both urist joint areas and to a less extent or both elbou areas) 
lower portion of the shatt ot the lett femur upper portion of the shait heaa and 
neck of the lett and the right fibula and also of the right and the left tibia w ith 
eMdence of a large pressure defect in the lower portion of the shaft and supra- 
condiloid area of the left fibula 

There was CMdence of slight osteo-arthntis of the ceriical spine and hjper- 
trophic osteo-arthritis and some scoliosis or the dorsal and the lumbar spine 



Fig 7 — Roentgenogram (Juh 2 1927) of the legs oi Daniel T sho,\me 
enchondromas Xote particularh the pseudo-joint formation at the di-tal end- 
of the left tibia and fibula and the thinning out of the fibula beeond this lonn 

Courst — The patient returned to the hospital on September 27 at winch tm e 
a check-up roentgenogram of the right hip was taken The impress on '■t t! is 
time was that the original osteochondroma had undergone malignant degcre'-a. o i 
and exhibited the characteristics of osteochondrojarenma It >\a= stated th-^ . 
showed little or no evidence of extension since Juh 2 1927 Thc^t was ev’Ce ct 
of a pathologic tracture through the neck of the right femur and oi some 'ep-’m- 
tue process m the tumor itself From that time until the, tirre oi mimcr to' 
patient had returned everv three months tor roentgen thcrap. tor v 1 at < - o 
sidered an osteogenic sarcoma The evidence oi p-’i.ho]r,!:ic .r-’ctu’-e ^ an o 'o- 
peared on April 25 1928 Similar changes were occurring m tne ti’"' ' , - 

lower third ot the right lemur and ov the 'ame token I ^d f/e*’ ^e-c-n f’ 
malignant changes The tumor of the hip had been g- p ' n g -tt'p- 'I '> 'I 
rapidiv and had been increasing ni->-.vedh ii it^ caleifc cp 'e- t ii c. 
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laid down in multiple spots .ind in rinitliKc foci Dislruction of hone w.is not 
discernible in the most recent rotntcenoKi.ims, tliosc of the liip and the tliij^h 
being reproduced here 

At the tunc of writing the patient so far as bis sjstemic condition was con- 
cerned, w'as enjOMiig excellent bcallli llis appetite w.is good, and be said tint 
he had recently gamed some weight The tumors of the hip and thigh in cpies- 
tion, howceer, had ohciouslv grown larger, and the former was somewhat tender 
in places to modcratch deep pressure 'J lie liistoie toneerning pain in the hip 
W’as not altogether clear, although he felt certain that it was alle\iated consid- 
erabh by the first roentgen treatment It had been better and worse at mtereals 
since and at the time of writing was so see ere as to keep bini aw .ike i great 
part of the night 



Fig 8 — Roentgenogram (July 2, 1927) of the right hip region of Daniel 1 , 
show’ing an osteochondroma Note in .ill these pictures of the hip the .ibscncc 
of bone destruction and the rnighkc manner in which the calcium is laid clown 
in places 

The hip W'as completely fixed, and the skin over it was flushed and tighth 
stretched Sensation of the extremitj as compared with that of the opposite side 
appeared to remain normal, and both feet w'crc of equal temperature, moisture 
and color 

The patient therefoie presented maiked and interesting changes 
which probably had taken place in one of the enchondioinas and which 
merit some consideiation as to then status between benignity and 
possible malignant changes Cases of “malignant degeneiation’’ of 
enchondromas have been reported in the oldei hteiatuie These cases 
comprised about 5 pei cent of all the cases of heieditaiy defoiming 
chondrodysplasia that Ehrenfiied was able to collect Twenty-foui 
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cases were reported in 1905 by Lenormant and Lecene " The majoriti 
of these tumors reported by the older authors, however, are called 
chondromas or enchondromas, and the issue seems to have rested on the 
authors’ opinion of the pathologic status of chondroma In reference 
to all the literature reviewed so far, there seems to be no evidence 
except possibly in a single instance, that any of the malignant changes 
are other than chondromatous or osteochondromatous * A few of the 
reports are accompanied by roentgenograms, and these hear out the 
foregoing statement Dr Ehrenfned has felt, since the publication of 
his exhaustive study of hereditary deforming chondrodysplasia m 1917, 



Fig 9 — Roentgenogram (Oct 12, 1928) of the nglit hip of Daniel 7 TIic 
apparent destruction of bone in the great trochanter here is due to a nult\ 
roentgen exposure 

that instances of true malignant degeneration must he far more rare 
than he at first thought, and that there has prohahl} been sonic con- 
fusion in making a differential diagnosis between hereditay\ deforming 
chondrodysplasia and chondromatosis Bloodgood, in discussing Bogg s 
case, stated that there w^ere no examples of malignant degeneration in 
multiple hereditari enchondromas and exostoses 

7 Lenormant and Lecene L association dcs exostoses et due chomlrome 

os, Re\ d orthop 7 203 1906 Lenormant Lxosto=es ostcogeniqnes ct ’t 

chondromes des os Re\ d orthop 6 193 1905 

8 Dr Llirenfricd assisted me in obtaining these rcierenccs 
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The significant featuies of the tuinoi in the case lepoitcd licie, 
which appal ently aiose fioin the pioxim.il end of the light fenuii, aie 
the relatively lapid giowth and expansion, the extensue calcification 
01 ossification, the absolute lack of Msihle evidence of hone desti iiction 
in the x-ia) pictuie and o\ci .it Ic.ist a thice }cai jiciiod a s_\stctnic 
condition incompatible with inahgn,inc\ I'lie x-i,n picluie shows tiiat 
the calcium has been laid down in multiple foti and m iinghke 
stiuctuies, tbe lattei pointing moie stiongh to .i simple calcification m 



Fig 10 — Roentgenogram (April 26, 1929) of the right hip of Daniel T Note 
the extension of the tumor mesially and bej'ond the great trochanter 


the walls of degeneiatmg cysts than to actual foci of ossification I 
feel that such an obseivation m the x-iay pictuie chaiacteiizes this 
type of tumoi So far as I can asceitam, it is not found m osteogenic 
sarcoma, and such a design plus the absence of bone desti uction can be 
taken as adequate evidence against that foim of tumor 

In the following brief presentation of selected cases, a compaiative 
study IS made of the tumor in my patient and similai tumors lepoited 
m the literature The lattei have fallen into two classes (1) those 
which illustiate a single and no doubt acquiied chondioma in cvhich 
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llicic ,iie no licicdil.iiy fcrituies*’ and (2) those winch aic reported 
as Ijcin^ associ.ilcd with multiple exostoses and which, though the 
heiedil.uy f.ietoi of miiltijde exostoses and enchondiomas is not stressed, 
.lie rissumed (o belong in the el.iss of heicditary exostoses and enchon- 
diomas oi heiedilaiy defoimmg ehondiodysplasia 

P.iiil Rosloek " lepoiled ,i ease of ehondioma of the hip whieh, 
.ihhoiigh not of lh( heiedit.iry type, will serve foi comparison heie 
'1 he two ])ietuies Inive m.my points in common, and I believe it reason- 
able to susjiect that the tumois aie of essentially the same pathologic 
pioeess Aftei an extensive study of Ins case, Rostock concluded that 
the liimoi was a benign eliondioma and m general that such tumors 
do not heeome malignant and aie not initiated by trauma These views 
.lie in riceoid with those of l.exci 

Lexei lepoited ,i e.ise of ehondioma, the x-ray pictuie of which 
indicated the same fundamental pathologic changes as m the case m 
])oint A eoloieel di.iwing of the specimen m cross-section is also shown 
in his lejioi t 

Kienhock,'* in a discussion of ehondiom.is and sai comas of bone, 
also showed x-iay jiietuies of ossifying ehondioinas which aie excellent 
foi eompaiison with tlie piesent ease He also legarded such tumors 
,is benign 

I-’eiey" lepoited .i ease of multiple chondro-osteoma m which a 
tiimoi was situated in the midiegion of the right hunuuis It increased 
in si/e i.ithci lapidly, beginning its change at about pnbcity and 
cnlaiging fiom th.it of an oi.inge to that of a coconut m thice years 
flic x-i.iy pietuie of this tumor is shown in his lepoit, but it is a 
pietuie slight!}^ fb/'/cicnt fiom the one discussed hcic In the tumoi in 

9 Rosloek, P Die Unf.illbcgiit.tclituna’ dcr Gclcnkchoiulrom.ilose, Arch 
f Orlliop 2G 59 ^, 1928 Lexer, le GeIcnkchoiKirome, Dculsclie Zlschr f Cliir 
88 311, 1907 Kieiibock, R Ueber Gclenkkopselsclionflrome iiiul S.irkome, 
bortsclir a d Geli d Ronte'cnslraiilen 24 468, 1917 

10 Peicy, N M Multiple Clioiulro-Osteom.i, Snip Gynec Obst 20 619, 
191'? Ganpolpbc, M, and Gabourd, 1 Enorine eneboiidrome eoslal die/ un 
sujel ( xostosif|uc. Rev d'orlbop 8 201, 1907 Weber, O Ziir Gescliicblc dcs 
I'lieboiulromes nameiillicli in Be/iip aiif dessen licreditares Vorkommen und 
seenndarc Verbieituiip in innereii Orpaiien durcb Embolie, Arch f patli An.it 
u Pliysiol 35 101, 1866 Il.iberer, V Em Fall von miiltiplen Enebondromen 
und Lxostosen, Areb f klin Chir 89 782, 1909 Stark, II Ueber Multiple 
C.irlil.ipinare I'xostosen und deren kliiiiscbc' Bedcutunp, Beitr / klin Cbir 34 
108, 1902 Liwen, A Ueber die Be/iehunpen der Encbondronie /u den mulli- 
])Ien c.irliI<ipinosen I'xoslosen, Deiitsebe Zlscbr f Clnr 75 14, 1904 

11 Rosloik ('loofnole 9, first reference) 

12 Le\ei (footnole 9, seeond reference) 
n Kienbock (footnote 9, third reference) 

14 Peiey (footnote 10, first reference) 
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Percy s case the giowth expanded in spicules and lannn.ie i.ithei than 
m the soap bubble and iingbke foimations of the one in the patient 
whose case I have lepoited Indeed one sees in bis ])ictuic <i siinbinst 
effect Avbicli itself is not unlike tb.it in osteogenic saieoma, but tbcie 
IS no eMdence of bone destiuction 'J lie icpoit is of speei.d \.duc 
as the tumoi was iemo\ed and the p.itbologic changes ^\ele leportcd 

The pathologic lepoit \\as gnen as follows 

Gloss — Tlic tumor is hard and cauliflowcr-hla iii appe iranee It measures 
13 5 cm bv 12 5 cm m diameter 1 he surface ot the whole tumor is cocered 
with a lajcr of ghsteiimR ciitilage 3-6 mm m tliiekiiess P.eiie.itli tlie eartil ige 
is a mixture of botn md cartiligmous sulist mee dioiit 1 cm lliiek 1 lie reiinm- 
der of the tumor consists of a frimework of Ii ird bom miterid with iinm 
spaces resembling the medul!ar\ ea\il\ of bone 

Mid oicopic — "Ihe outer lacer is ,dl cartilage but just mteiiial to it are deposits 
of calcium m the matrix of the' cartilage Deeper m the tumor the calcium 
deposits take on more of the ippearanee of bone m the sh.ipe of lamellae inter- 
spaced with dense eellul ir tissue resembling bkiod elennnt'- 
PaiholoqicaJ Diaguo'H '; — Osteoid ehondioma 

Gangol])be and Gaboutd ' dcinonstiated a \ei\ kugc ebondionia of 
the ribs wdiich they incompletely lesceted, and which in its continued 
growdh into the chest wms fatal 'J he patient piesentcd olhei exostoses 
It may be observed that these lapidly glow mg ehondtomas aic located 
practically always m oi about joints, hut that the exostoses .ire not 
infrecjuently at vaiious distances fiom the joints These authois quoted 
and endoised Viichow m his belief that diffeiencc in a.isculanty has 
much to do with these tw'o types of giow'th 'J he\ lecogm/ed the 
innocent benignity of the exostoses and advised no smgieal attack unless 
theie was unwonted encroachment on vital stiiietuies On the othe* 
hand, they regaided the ehondioma as malignant and adcised its earl)’’ 
and complete removal 

Weber presented a case of multiple exostoses m wdneh a ven 
large, rapidly growing chondroma of the hip joint metastasi/ed to the 
iliac veins and vessels of the lungs 

Haberei demonstiated the case of a middle-aged man with multiple 
exostoses and enchondromas who showed laige, rajndly growung 
chondromas of the left hip, distal end of the right femui, proximal end 
of the right tibia and the right calcaneus X-iay pictuies of this case 
are reproduced in his article and aie comj:)aiable with mine 

Stark presented a case of multiple exostoses, in one of which (on 
the right humerus) a malignant degeneiation occuiied He quoted 
Chian as believing that the condition originated from the mariow and 

15 Gangolphe and Gabourd (footnote 10, second leference) 

16 Weber (footnote 10, third reference) 

17 Haberer (footnote 10, fourth reference) 

18 Stark (footnote 10, fifth reference) 
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that the exostosis \\as piobabh lesponsible Staik is of the opinion 
that such exostoses, which have piactically the same structure and com- 
position as noimal bone, aie only the coincidental location of a 
malignant condition, and that this is no more unusual than a sarcoma 
m noimal bone The authoi stated that this is the only case of a 
malignant change m an exostotic tumoi that has been repoited 

Lanen piesented a case ot multiple cai tilaginous exostoses One 
ot the tumoi s, involving the right scapula, part of the humeius and pait 
of the claMcle, giew to be almost as laige as the patient's chest In his 
study of the case as to diffeientiation between malignant degeneiation 
and chondioma, the formei was i tiled out, since the tumoi had existed 
foi about foul yeais without appaient metastasis and since the patient 
^tas otherwise well 

Lenoimant and Lecene studied lathei closely the association ot 
multiple exostoses and chondroma in the same patient and presented a 
numbei of case lepoits They concluded that chondromas oi osteo- 
chondromas may develop by superimposition on a previously existing 
exostosis or enchondioma, or that tliej'’ may develop in a subject having 
multiple exostoses and enchondromas but independent of those lesions 

It will be obseived that while part of the time I have been discussing 
"the nonhereditarj^ form of chondioma and part of the time a type of 
chondroma that has developed m a patient presenting multiple exostoses 
and enchondromas, there is adequate reason to believe that the two 
tumors aie pathologically identical, that is, they are chondromas or 
osteochondromas The terms chondroma and osteochondroma are used 
synonymously here since the degree of ossification does not alter the 
fundamental nature of the tumor It must not be forgotten, also that 
multiple exostoses and enchondromas aie synonymous with hereditarv 
deforming chondrodysplasia 

Thus it IS at once obvious that a difference of opinion exists as to 
the pathologic status of chondroma I think it can be conceded, how- 
evei, that the concensus is against its being malignant in the accepted 
-sense of the term 

COMMENT 

It will probably be of value here to give a brief resume of the 
■pathology of chondroid tumors, much of which is taken from Ewing 

Limited outgrowths of preexisting cartilage occur on the ribs, in 
the laiynx and about the joints, which exhibit the characters of simple 
hyperplastic processes and are called ecchondroses True progressive 
neoplasms composed of cartilage appear in the same situations and 
also in tissues not normally containing cartilage, and these are called 
chondromas or enchondromas 

19 Lawen (footnote 10 sixth reference) 
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It has long been rccogni7ed that chondrom.i^ h.i\c the properu of 
rapid gro^\th and nia\ iinade ^e'?sel^ and extend a long distance in them 
The\ ina} grow into ■vessels and nietastasi/e Metastascs arc tormed 
especially in the lungs Thev ha\c been known to invade tlie veins of 
the pelvis and extend to the heart 'J hev undergo varying degrees 
of calcification and ossitieaiion Rainier has elassified them in four 
groups according to their structure (1) .i single lobe of hvahne 
cartilage (2) several lobes ot Inahne cartilage separated hv fibro- 
cartilage (3) fetal cartilage and (4) cartilage with stellate cells Grosslv. 
the tumors varv m consistenev snuie being sou .ind apparentlv more 
cellular than others '1 hev undergo v.irvmg degrees of cvstic degener- 
ation and mav ulcerate through the skin It is hkelv that the vcs'.el- 
invading and metastasizing proiietisities dejiend on the nature ot the 
tumor as outlined The metastatic lesions aie most treepientiv tound 
in the pulmonarv vessels and this faet heais witness that the metastatic 
lesion IS a vascular emhohe one prevhahlv having broken irom a part of 
the tumor invading a vein As is frequentlv true ot metastatic thv roid 
tumors a cross-section of the metastasis cannot he distinguished trom 
the normal torbear ot the new growth m this case normal cartilage 

A. definitelv malignant tumor (chondrosartoma) is much more rare 
and differs from the foregoing in having dtfmite infiltrative properties 
and being destructive of bone 

The chondroma therefore while having the propertv of invading 
vessels and trulv metastasi/mg is not malignant m the same sense and 
certainlv not m the same degree as osteogenic sarcoma and herein lies 
the tremendous difference m prognostic attribute The chondroma 
strikingly lacks the debilitating and toxic influence of sarcoma of the 
hone If a chondroma is inclined to metastasize it undoubtedlv does so 
late If only a portion of the tumor is removed the remainder will of 
course continue to grow hut if the gross tumor is completelv excised 
it will not recur The indication therefore seems clear A chondroma 
whether it is of the nonhereditarv tvpe or whether it has developed on 
a skeleton presenting hereditarv defonnmg chondrodvsplasia should he 
immediatelv totallv excised so far as it is techmcallv possible It is 
doubtful whether roentgen therapv is of anv benefit it certainlv is not 
curativ e 

In the case that I have reported it is hardlv possible to tell whether 
the osteochondroma developed secondarilv on a preexisting lesion or 
whether it devoloped independentlv and m the light of the present 
study it would seem to me that such knowledge would at most be of 
only academic interest I w ould add how ev er that the association of 
osteochondroma with hereditarv- deforming chondrodvsplasia is alto- 
gether too frequent to be regarded as inerelv coincidental It would 
seem that the latter disease either by virtue of its own etiologv or by 
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the disiuption of the caitilage at the epiphysis has especiall) jiiedisposed 
Its victim to chondiomatosis These patients, therefore, should be 
followed up caiefully from time to time so that any newly developing 
chondioma may be totally excised in its infanc) 

CHONDRODYSPLASIA AND CHONDRODYSTROPHIA FETALIS 

In gi oping foi a classification of hereditary defoiming chondro- 
dysplasia and a fitting category in which to place it m the list of skeletal 
defoimities, paiticulail} among those of congenital and heieditaiy 
nature, authois have permitted themselves to see a close kinship to 
achondi oplasia oi chondrodysti ophia fetalis They have been impressed 
by the abnoimal shoitness of limb and often of statuie of these 
patients, making their bodies, exclusne of the head, appeal not 
altogethei unlike the chondrod 3 'strophic dwaif This, together with 
the fact that the condition is primarily a disturbance in epiphyseal 
giowth, has been, I think, the chief influencing factoi 

Among those who have made statements regarding a comparison 
of the two diseases are Lewm and Dwyer,-’^ who maintain that there 
is a close kinship, and Caiman and Fishei,’- who are of the opposite 
opinion 

Dwyei based his compaiison on the following facts 1 Achondi o- 
plasia, accoidmg to Kaufman, ma}^ be present without dwarfing and 
with widely varying degrees of involvement 2 Both conditions affect 
onl} those bones that develop from caitilage 3 Abeiiant cartilage 
inclusions may be found m bones m both conditions 4 There is a 
similarity m the pathology of the epiphyseal line, m that both conditions 
cause a chaotic appearance of the epiphj^seal caitilage at the line of 
ossification 

Although it IS true that both diseases are manifestations of a 
disturbance in epiphyseal ossification and a distortion of the rows 
of cartilage cells — a distortion wdiich may be eithei cause or effect — 
theie aie many fundamental differences betw^een the tw^o conditions to 
wan ant a suspicion that the histologic resemblance is not conclusne, 
that IS, although the seeds look alike, the mature plants bear consider- 
able wntness against then identity Although it is true that there have 
been repoited cases of incomplete chondrodystrophia, as m the two 
fetuses having involvement of the intracartilaginous bones of the head 
wnthout interference with the grow'th of the long bones reported b\ 

20 Lewm, P ^lultiple Cartilaginous Exostoses — Diaplnseal •\clasis, Surg 
G}mec Obst 45 48, 1927 

21 Dw'ver, H L Ciiondrodj splasia Multiple Cartilaginous Exostoses, Am 

J Dis Child 19 189 (March) 1920 

22 Carman and Fisher ^nn Surg 61 142, 1915 
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Kaufman, to all gcneial intents .ind ]nn poses line ehoiulioch stinphni is 
a geneialized disease All of the epipluses usualh shaie the disordei 
equally, thus giving a geneiah/ed .ind s\intnetneai skeletal defoimiU 
Again, while Schoii dcseiihcd a uik of ehoiifhothstioiihia apjieanng at 
pubeity, to which he ga^c the name chonduKh stiojihi.i adoleseentuim, 
the majoiitv of ehondiod} stiojihie jiei^-oiis eithei .11 e horn j)iem<itmcl_\ 
01 are dead at teim (Nathan-*) Chondiod} stiophia is theiefore 111 
the majoiity of instances a seiious fet.il disease and indeed ,m antenatal 
disease, uheieas chondiod} splasia is usuall\ postn-it.!! in its deielop- 
ment and manifestation, and fataht\ h.is se.ucel} desen cd eonsideiation 
except as attiihuted to distinetU seeond.iii c.uises 

One of the most ch.iiaetei istie featuies of chondiod\ ''tioiihi.i n the 
unmistakable appeal ance of the plnsiognonn At biith the eiieiim- 
feience ot the head often equ.ils the length of the b()d\ \s giouth 
proceeds, the chaiactei istic piognathous .qipeai.mee and tlattcning ot 
the nasal legion lesult fiom a possible eoinbmation of sc\cral factois 
piematuie s\nostosis and mhihition of the giowth of the os ttibasilarc 
shoitening of the ethmoid and nasal bones with 01 without the foie- 
going and a 1 eduction m the angle foimed In the basil, 11 piocess of 
the occipital bone and the bod\ of the sphenoid, the l.itter condition 
being called by Viichow' Inphosis of the saddle .ingle I ha\c seen no 
repoit of a case of chondrodysplasia m which the patient piescnled the 
chaiactenstic physiognoiii} of ehondiod} stiophia, and the photograph 
of the patient piesented heie exhibits no such feature 

Added to this, one often finds thick lips piotrudmg, hypertrophied 
tongue and epicanthus, such features ne\ei to ni} knowledge liaMiig 
been described for chondi odysplasia 

Finally, the hereditary factoi in cbondrodystiophia is almost nil, as 
Nathan implied when he stated “In one case a chondi odvstiophic 
mother is said to have given birth to an infant similarl} aftected, but in 
nil others we have nothing upon which to base a suimise as to the cause 
of this disease” For chondrodysplasia the facts aie the contiary 
Nathan further stated that the female is somewdiat piedisposed in 
the former disease — his own cases Avere equally dnnded betAveen the 
sexes — ^whereas in the latter condition males haA^e distinctly predomi- 
nated by three to one 

Therefore, although it is far from my intention to make a dogmatic 
statement, I feel that there is much to militate against the conception 
that the disease under discussion is an abeiiant form of chondro- 
dystrophia fetalis 


23 Nathan, P W Chondrodystrophia Foetalis, Am J M Sc 127 690, 1904 
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CONCLUSIONS 

1 The so-called malignant degenerative lesions in skeletons pre- 
senting heieditaiy defoiming chondrodysplasia aie probably all 
chondi omatons 

2 A chondroma developing m a skeleton showing hereditary deform- 
ing chondi odysplasia is essentially the same pathologic process as the 
nonheieditaiy chondi oma and should be regaided in the same light 

3 Although such chondromas aie essentially benign, they should, 
in view of then vessel invading and metastasizing propensities and 
lapid expansive growth, be totally excised as early as possible There- 
fore, it IS incumbent on the surgeon to make a check-up examination at 
mteivals when he has diagnosed hereditary deforming chondrod)"splasia 

4 Roentgenotheiap}'’ piobably has no beneficial effect on this tipe 
of tumoi 

5 The definite iinghke foci m which the calcium is deposited in the 
tumors, particulaily in the absence of bone destruction, is adequate 
evidence on which to make a diagnosis of osteochondroma 

6 The marked deformity and foreshortening of either or both ol 
two juxtaposed bones in hereditary deforming chondrodysplasia is 
probably due to pseudo-joint formation and distorted stimulus of bone 
growth 

7 There are so many factors militating against a possible kinship 
of chondrodystiophia fetalis and hereditary deforming chondrodysplasia 
that one would as yet seem unjustified in placing them in the same 
category 
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II \I TIM OKI 

The inteiest ot suigeons in webbing of the fingers and toes is 
evidenced by the luimcrons conti ibiilions tli.it b.i\L appealed in the 
bteiatuie dining the last centnn and .i qii. liter Onr own interest 
vras stimulated by the care of a considei.iblc niinibci of these patients 
and by the fact that there still seemed to be nineli coiifiiMon .ibont the 
subject An attempt wall be made in tins papei to cl.irifi the matter 
by tiacing the defoimity fiom its oiigin to its correction 1)\ the methods 
that have been most satis factoi i in our b.nids 

on IMllON 

Congenital Syndactyb'nn — Ibis type is an mberitablc dee elopmental 
defect cbaiactenzed by complete or paitial webbing of the fingers oi toes 
This malfoimation varies greatly m degiee, fiom a slight distal 
extension of the noimal w^eb to complete fusion extending to the ends 
of the fingeis 

Acqmi ed Syndactylism — Although usuallj a congenital malforma- 
tion, syndactylism may be acquired and not infiequently follows seeeie 
burns or trauma of the bands or feet m wdneb destruction of the tissues 
of the fingers or toes lesults in subsequent fusion of granulating 
surfaces 

The teim “syndactylism” has been eiioneously used m the literature 
to designate paitial or complete lack of toes or fingers, but this type of 
defect IS due to deep developmental distuibances while the w^ebbing of 
the fingers oi toes is merely indicative of an aiiest m otbenvise noimal 
development The cause of this aiiest of development is as yet 
unkown 

CLASSinCATION 

Syndactylism may be classified accoidmg to the degiee of fusion, 
as complete when it extends to the tips of the digits, and incomplete 

^ Submitted for publication, Nov 9, 1929 
From the Surgical Department of the Johns Hopkins University and Hos- 
pital, Division of Plastic Surgery 
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when the fusion is of a lessei degree When the phalangeal bones aie 
normal, the type is simple When they are abnormal m size, shape, 
numbei and anangement, the type is complicated 

The simplest type is that in which the web consists of the skin onl} , 
and this may be slack enough to allow the fingers to be separated to a 
considerable distance Moie commonly the skin and underlying soft 
paits are involved, the fusion often extending to the ends of the 
fingeis Frequently theie is only a shallow groove on each side to 
indicate the line of normal division Sometimes the fingers may be 
even moie closely fused, the nails being joined, and in extreme cases 
the phalangeal bones also The terminal phalangeal bones are those 
most frequently fused 

In certain types of syndactylism in which the web is thin, lax and 
shoit, there is little interference with function, except that the fingeis 
cannot be widelj'- separated On the other hand, when the fusion is 
close, there is complete loss of individual digital function, and the fused 
fingeis must necessarily be flexed and extended as one This is fre- 
quently a serious handicap, and relief can be obtained only by surgical 
pi ocedure 

In the acquired type, the web generally consists of dense scar tissue, 
and there is usually an associated contracture or distortion of the digits, 
but there is seldom, if ever, fusion of the bones The acqinred type maj 
also be complete, but in the majority of instances the fusion is incom- 
plete 

EMBRYOLOGY 

The embryology of the extremities has been studied by Bardeen 
and Lewis ^ and by Lewis - In the development of the embrj o, the 
arm bud makes its apearance during the thud week as a swelling in the 
lowei cervical region At this stage there is no differentiation of the 
mesenchyme, although a few thin walled blood vessels are present 

The condition of the hand at 4y^ weeks is shown in figure 1 The 
border vein is present, but there is no evidence of differentiation in the 
hand plate 

During the fifth week, the hand plate shows several centeis of 
increased condensation corresponding to the carpal bones From tlie 
carpus, five masses of condensed tissue project, these are the finger 
masses This stage is shown m figure 2 

By the sixth week, the metacarpals and phalanges hare appealed 
as distinct masses of cartilage No joint cavities are present but the 

1 Bardeen, C R, and Lewis, W H Development of the Back Bod\ Wall 
and Limbs in Man Am J Anat 1 1, 1901 

2 Lewis, W H The Development of the Arm in Man \m J \int 
1 145, 1901 
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caitilages aie sepaialed l)y aieas of condensed tissue 'J'lie inlnnsic 
muscles of the hand aie iei)iesentcd In late i)iemuscle tissue and a few 
muscle fibeis 

During the seventh neck, the devclo])ment of the metacaiji.ils and 
phalanges pioceeds lapidly, <md the ligaments appe.ii 'Iheic is now 
a definite commissuic between the fingeis, although consideiablc 
webbing lemains at then base All the muscles ate jnesent .ind arc 
composed of muscle fibers Figuie 3 iliustiatcs this stage Ossification 
ot the metacarpals and jihalanges licgins m from the seventh to the 
twelfth week The mtei digital comniissnic i.i]iulh deepens .iftei this 
period 



Fig 1 — Hand plate in a 4^2 w'tcks’ cnibr\o (Lewis) The border eein is 
present, but there is no evidence of difTercntiation in tlie hand plate 

The foot is developed m a mannei similai to that of the hand 
The posterior limb bud appeals during the third week as a piojcction 
from the wolffian ridge opposite the twcnt 3 '-fiist to the tw^enty- 
sixth spinal segments In geneial, the development of the structuics 
of the posterior limb occuis about one week latei than that of the 
coriespondmg paits of the arm Most of the mam stiuctuies of the 
posterior limb may be distinguished by the end of the seventh w^eek 

COMPARATIVE ANATOMY 

Straus® recently leviewed this phase of the subject and described 
syndactylism occurring m the pi imates, the msectivoi es, the i odents and 

3 Straus, W L The Nature and Inheritance of Webbed-Toes in Man 
J Iiforphol & Physiol 41 427, 1925 
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the pnniitive marsupials Beddard^ stated that in the last group 
mentioned, all of the family Mao opodidae, including the kangaroo, 
normally have the second and third toes united by a web Among the 
rodents, many of the acpiatic forms, including the beaver, have toes 
completely or partially webbed Many of the aquatic forms of insecti- 
vores, including the moles, have the toes normall}'- united by a web 
Among the more common primates, Catauhinae, or Old World monkeys, 
shows the normal presence of webbing between the fingers and toes in 
the genus Cococebus The siamangs of Sumatra and the Malay 



Fig 2— The hand and foot in a 5 weeks’ embryo (Bardeen and Leu is) From 
the carpus five masses of condensed tissue project, which are the finger masses 
Centers of increased condensation corresponding to the carpal bones are also 
present 

Peninsula normally have a web between the second and third toes, as 
shown m figure 4 Syndact} lism has also been described occasional!) 
in the orang-utan, the gorilla and the chimpanzee In the insectnorcs 
and the rodents, this condition may be regarded as an adaption to 
an aquatic form of life In some forms of the primates, as suggested 

4 Beddard, F E Mammalia, in Cambridge Xatural Hisfor\, Xcu \orl. 
The Macmillan Compan\, 1902, \ol 10 
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by Weidenieich/’ this peisistence of ^^ebblnt^ ni<i\ be an .iclaplion to an 
aiboieal existence 

PA 1 IlOI 0(.\ 

The detoimities of the hand have been classified li} Xichols'’ undei 
three heads (1) those depcndiii" on deficient dc\elo]')inent , achciii.i 
(absence of the hand), ectiodactylisni (.ihsence of one oi inoie diu;its) 
h}pophalangism (absence of one oi moie ])halang('s) . (2) cxccssuc 
development pohcheiiia, poU dacl\lism, poh ph.ilangisni (S) pei\crtcd 



Fig 3 — The hand and foot in a 7 weeks' embno (Bardeen and Lewis) 
Development of the metacarpals and phalanges proceeds rapidlv and ossification 
begins from the seventh to the twelfth w'eck Tlie ligaments have appeared 
There is a definite commissure bctw'een the fingers which deepens rapidlj from 
this period The development of the foot proceeds in a similar manner, but m 
general is about one week later than that of the corresponding part of the hand 

development , syndactylism, cleft hand, congenital consti ictions, con- 
genital dislocations, congenital neoplasms Fiom this classification, it 
will be noted that syndactylism may he consideied meiely a local aiiest 
of normal development 

5 Weidenreich, F Der Menschenfuss, Ztschr f Morphol u Anthrop 
22 51, 1922 

6 Nichols, E H Reference Handbook of Medical Sciences, New' York, 
Buck, 1902, vol 4 
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In the congenital cases, in addition to the syndact3disin, theie may 
be malfonnation of the bones of the hands or feet Lepoutie ' lepoited 
an unusual case of this type with syndactylism and maiked deformity 
of the bones of the hands and feet in a mothei and her child The child 
also showed an unusual foiking of the tips of several fingeis Clark® 
lepoited a case of bilateial sjmdactyhsm of the two ulnai digits, with 
absence of the ladial digits The same condition was found in the 
patient’s fathei and hei two brotheis The patient in the case leportea 
hi Epstein,® with no family history of s^mdactyhsm, had a cleft right 
hand, with complete absence of the middle phalanx, and the other 



Fig 4— Normal sjndactjhsm m the toot of a Siamang ape (redrawn from 
Schultz) Note the partial fusion oi the second and third toes 

fingeis weie webbed The feet weie clett and the toes webbed, but the 
left hand was noimal Groves'® lepoited a case of syndactjlism m 
which the pioximal phalanx of the middle finger was m a transverse 
position and attached to the second finger 

7 Lepoutre Malformations congenitales des extrcnntes chez un eniant tt 

chez sa mere, Re\ d orthop 10 237 192o 

8 Clark, W E LeG 'k Case of Hereditari S\ndact\h Lancet 2 434 1916 

9 Epstein J PcrodacO lisin, SMidactilism and Cleft Extrcmit'Cs m a Child 
Neiv York J 9 153 1919 

10 Gro\es, E W H An Unusual Case ot Sindactili'm Brit T ‘^nrg 
1 143, 1913 
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A case similai to that lepoitcd b} Glo^cs \\.is found in oui senes 
In this instance theie was hilateial ^\chI)lng of the foiiith and fifth 
fingers with fusion of the teinnnal ph.il.uiges Anothei patient ^\lth 
bilateral webbing of the thud and fouith fingers showed fusion of the 
terminal phalanges on the light wnth hilateial duplication of the 
teiminal phalanges ol the fouith fingei. the duplicated ]ihalange= being 
fused at each end In anothei case illnsliatnig the association of hoin 
deformity wnth syndactylism,, theie was toiknig of the phalanges of 
the fouith fingei of one hand and dcformiti oi the same hones of the 
othei hand 

Cases of syndactylism, associated with niti.i-ntermc pailial .imputa- 
tion ot the fingei s oi toes, have been lepoited h\ \ssah,” Dceg,'- and 
Coleman” These defoimities wcie attiihutcd In Dceg .uid hlhiing- 
haus ” to the presence of amniotic h.nuls 1 hese hands, however, have 
never actuallv been demoiistiatcil In more than 8,000 sjiecinieiis 
enteied in the Carnegie Emhi_vologic.il collection Stieeter” found 
eight fetuses demonstiating vaiious stages of the iihenomeiion of intra- 
uterine amputation Theie was no evidence in anv of these of amniotic 
bands oi adhesions Occasion.illv , in m.icei.itcd fetuses, rolls of 
macerated epithelium were found giving the .ippeaiancc of constricting 
bands Streeter howev'er, cxpiessed the belief th.it neither the 
epithelial rolls noi the umbilical coid c.in .iccount for the constiictions 
Instead, he found localized areas of ncciosis allecting the amputations, 
either by complete destiuction of the pait oi hv foiming an .innular area 
sufficiently extensiv^e to cause the sloughing otT of everv thing pciipheral 
to it In the piocess of necrosis theie is a tendency toward the 
formation of strands of filninous tissue which m.av give the .appearance 
of constricting hands These are not, however, the primarv cause of 
amputation, and they aie not amniotic in oiigin The active peiiod of 
the tissue neciosis vv^as found in the fetuses of fiom 12 to 20 weeks, 
in the second half of piegnancy, the piocess vvaas found either as a 
completed amputation oi in the stage of airest with moie or less com- 
plete healing of the aiea affected 

Daraignez, Masse and Subervae lepoited a case of syndactylism 

11 Assail, J Amputations digitales, syndactylic, cxtrodactvdic ct sillons con- 
genitaux, determines par brides amniotiquc, J de med de Bordeaux 51 107, 1921 

12 Deeg Zwei selten Falle von angeborenen jMissbildungen, Beitr z klin 
Chir 126 429, 1922 

13 Coleman, H A Coexistence of Congenital Amputations and Svndactvlism, 
J A M A 83 1164 (Oct 11) 1924 

14 Ehringhaus, O Zur Pathologic und Therapie der Syndactylie, Berl kliii 
Wchnschr 49 421, 1912 

15 Streeter, G L Personal communication to the authors 

16 Daraignez , Masse, L , and Subervie Syndactvlie et polydactvlie, J de 
med de Bordeaux 54 363, 1924 
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of one hand and both feet, with pol) dactylism of the feet S}ndact}hsm 
was present in the paternal grandfather, a brother and a child of the 
patient In a similar case in our series, the patient had webbing of the 
third and fourth fingers of one hand and polj^dact) lism of both hands 
and feet 

The association of syndactylism with acrocephaly has been reported 
in about forty cases The cases up to 1926 were reMe\\ed by de Brum 
who found that the prognosis as to life was favorable, but that vision 
was frequently threatened Only two of the patients w^ere idiots, the 
remainder apparently being normal mentall} There is a huge, round 
protruding skull above the level of the eyes, and exophthalmos is usualh 
present Most of the patients show no familial or hereditar\ features, 
but Weech recentl}" reported a case wnth almost identical deformity 
of the head, hands and feet occurring in a mother of 19 and her 
daughter of 11 months It is probably due to a defect m the germ 
plasm, as m the case of simple syndactylism, rather than to externall} 
operating causes A case illustrating these associated deformities 
occurred in our series 

Dervaux,^® reported an unusual case of syndactylism consisting of 
the union of the terminal portion of tw^o adjacent fingers, w'hich occurred 
in both hands There w^as no fusion of the proximal ends of the 
fingers One foot showed a similar deformity There w ere no pre\ lous 
cases in the family history There was a similar case in our senes, with 
union of the distal ends of the second and fourth fingers of both hands 
over the top of the third finger 

IXHERITABILIT\ 

There are many cases in the literature and also in our series 18 
per cent, illustrating the importance of an hereditar} factor in S} ndactj - 
hsm, and w^e feel that our percentage w’ould haAe been higher had it 
been possible to obtain accurate data on this point In the majoritj of 
cases, how^ex er, the family historj^ w^as negative in this respect Straus = 
studied the mode of inheritance as shown m a number of pedigrees 
assembled fiom the literature and from original cases and concluded 
that there appear to be four different hereditarj groups 

In the first group, which appears to be the most common the 
character is a mendelian dominant This is illustrated in figure 5 

17 DeBruin, J Acrocepha]os\ndact\lism, Xederl tijdschr \ erenee?! 

3 2380, 1925, abstr. JAMA 86 456 (Feb 6) 1926 

18 W'eech ^ A S\ndacAlism and Acrocephah, ramilial Bull John'? Hop- 
kins Hosp 40 73, 1927 abstr J A M A 88 1677 (Ma\ 21) 1927 

19 Dcr\aux S\ndacUlie terminale des mams et s\ndact%be dun p td Bui! 
Soc d obst de Pans 12 316 1909 
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The example m the second s^iouj). 6 shows the ch.u.ictci 

to be eithei a lecessivc in "cneiation one loi both ])<uents. oi to anse 
as a mutation m geneialion two, w’heie it is a mendchan oi se\-hnked 
dominant 

In gioiip thiee the cliaiactei is .i mendcli.m oi se\-lmUcd iccessue, 
figme 7 An example in oiii senes also illiisliates this t\))e of inhciit- 
ance, figuie 8 



Fig 5 — Pedigree showing s\ iKlact\Iism as i doiniinnt nKiidclinii clnractcr 
(Straus) The squares indicate malts, the circles, females 'I he solid figures 
denote the presence of s\ndact\lism, the open figures siRmf% its ahsentt Each 
horizontal line represents one generation 


I 

n 

HE 


O 







Fig 6 — Pedigree showing sjndactjdism as a recessive, or arising as a mutation 
in generation II (Straus) 


The fouith group consists of the case leported by Schofield,"® m 
which the chaiactei of syndactylism is inheiited by all the males of the 
family but never by the females, figuie 9 It was pointed out by 


20 Schofield, R Inheritance of Webbed-Toes, J Ilered 12 400, 1921 
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Castle-^ that this chaiactei follows the distribution of the V" chiomo- 
some Schmidt found a similai type of tiansinission of an exclusnel} 
male chaiacter in the fish Lebestos jeticnlahis This coincides uith 
Painter’s-^ woik indicating an X-Y sex-detei mining pair of chiomo- 
somes 

Straus® also reported a case of syndactylism occiiriing in one ot a 
IDaii of otheiwise identical twins 

From a study of the pedigrees of families with syndactihsm 
Schultz concluded that the chaiactei apparently neiei skips a 



Fig 7 — Pedigree showing s\ndact\lism as a mendelian or se\-linked recessive 
(Straus) 


Diioiiiooo 




F,g 8 Pedigree of a case in our senes, shoeing sindaculisni as a rcccssnt 

character 


geneiation and the peisons who are free from the condition will 
piobably have normal children It appears that the female is Ics*- 
hkely to transmit the condition and is also less likel\ to inherit it 

21 Castle, W E Further Data on ebbed-Toes J Hered 14 209, 1923 

22 Schmidt, quoted b% Castle, W E A. Xcw T^pe ot Inhtnnncc, Science 

53 339 1921 

23 Painter, T S The Y-Chromosonie in Alanim ds Science 53 501 1921 

•74 Schultr,' A H Z\godict\])a and its Jnbcntance T Hered 13 111 V22 
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INClULNCi: 

The incidence of s} ndactylisni has been studied by Schuimeier,^’'’ 
who found 8 cases among 20,000 men examined An an.ilysis of cases 
m the hteiatuie shows the condition to be moic common in males, 63 
pel cent, compaied to 37 jiei cent in fem.iles In oui 50 cases the ratio 
was 68 per cent males to 32 jiei cent females 

SLMMXia 01 CASTS 

Oui senes of 50 cases ma\ be summaii/ed as follows males, 34 or 
68 pel cent, females, 16 oi 32 pei cent , color, white, 46 oi 92 per cent, 
black, 4 01 8 pel cent famil) histon ot similar deformit\, 9 or 18 per 
cent, no family biston, 41 or 82 pei cent 



Fig 9 — Pedigree showing SMKlact\ lisin as a scx-linkcd elnracttr (Straus) 

For convenience w'e shall sepaiate the eases into tlnee geneial 
groups Gioup 1, fusion of^the fingers alone, Group 2, fusion of the 
toes alone, Gioup 3, fusion of the fingeis and toes 
Gioup 1 — Fingers alone, 30 cases, 60 pei cent 
Second and thud fingeis Right incomplete, 1, left complete, 1, 
left incomplete, 2, bilateral complete, 1 

Thud and fourth fingeis Right complete, 3, left complete, 2, 
bilatei al complete, 5 , bilateral incomplete, 1 , i ight incomplete, left 
complete, 1 

Second thud and fouith fingeis Left complete, 2, bilateial com- 
plete, 1 

Second, thud, fourth, and fifth fingeis Bilateial complete, 1 

Third, fourth and fifth fingeis Bilateial complete, 1 

Fourth and fifth fingeis Left complete, 1, bilateial complete, 1 

25 Schurmeier, H L Congenital Deformities in Drafted Men, Am J Phvs 
Anthrop 5 51, 1922 
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Fust, second, third, fouith and fifth fingers Right complete, 1 , lett 
hand, first and second, also fouith and fifth, 1 

First, second, also fourth and fifth fingers Left, incomplete, 1 
Unsymmetrical bilateral fusions Right hand incomplete , second and 
thud, left hand incomplete, fourth and fifth, 1 

Right hand complete of stumps of the third and fourth, left hand 
complete, fourth and fifth, 1 

Right hand complete, third and tourth , left hand incomplete, second 
and third, 1 

Right hand, second to fourth ovei third, left hand, second to fourth 
ovei third, and fourth to fifth, 1 

G)onp 2 — Toes alone, 11 cases, 22 per cent 

Second and third toes Right complete, 1 , right incomplete, 2 , left 
complete, 1 , bilateral incomplete, 5 

Third and fourth toes Bilateral incomplete, 1 
Second, third, fourth and fifth toes Bilateral incomplete, 1 
Gioup 3 — Fingers and toes, 9 cases, 18 pei cent 
Bilateral complete, third and fourth fingers , bilateral incomplete, 
second and third toes, 1 

Right hand complete, third and fourth fingers, left hand complete, 
third, fourth and fifth fingers , right foot incomplete, second and third, 
lett foot complete, second and third toes, 1 

Bilateral complete, second and third fingers, bilateral complete, 
second, third and fourth toes 1 

Bilateral complete, second and third fingers, right foot, incomplete 
second and third toes, left foot complete, second and third toes, 1 
Bilateral complete, second to fifth fingers, bilateral complete, first to 
fifth toes, 1 

Right hand complete, third and fourth fingers, left hand incomplete 
second and third fingers, right foot complete, fourth and fifth toes ] 
Left hand complete, third and fourth fingers , bilateral incomplete 
second and third toes, 1 

Right hand incomplete, second and third fingers, left hand complete 
second and third fingers, right foot complete fourth and fifth toes I 
Right hand complete, fourth and fifth fingers, right foot incom- 
plete, second and third toes, 1 

Coucinicnt Congenital Dcfonnities — In a case of complete fusion of 
the second and third fingers of the left hand, the fourth and fifth fiii'^cis 
with their metacarpal bones were-missing 

In a case of complete fusion of the second third and fourth fini^crs 
of the left hand there lAas arrested de\elopmcnt of the entire hand and 
the middle phalangeal bones of the fused fingers i\ere missing 
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Fig 10 — Bonnet and Treves’ (SMidacUlia and Pohdact\ lia, Bull ct mcin 
Soc de chir de Pans 20 677, 1928) case, illustrating the inhcritabilitj of sjndac- 
tjdism A and B show same hand, C, the other hand The plates show the hands 
of a girl, aged 19, with a bilateral complicated type of SJndact^hsm associated 
with polydactyhsm The patient had two brothers and eight sisters Three of 
the sisters presented the same malformation, as did all others m the family who 
were affected The mother, the aunt and the female cousins had the same 
deformity, but the two maternal uncles were normal From this it can be seen 
t;hat m the last two generations only the women were affected, but m the preceding 
generation one finds the same malformation m the maternal grandfather, certain 
of his brothers and some cousins of both sexes The patient said that she had 
"been told that the same malformation had existed m the family for six or seven 
generations A normal female child was subsequentK born to the patient 
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In a case of incomplete fusion of the second and thud fineeis of 
the left hand, there was arrested development of the entire hand and the 
second phalangeal bones of the fused fingers veie much shoitened 

In a case of complete fusion of the thumb and all the fingeis oi the 
right hand, the middle phalangeal bones of the second, thud fouith 
and fifth fingeis were missing 

In two cases of complete fusion of the second and thud toes, one 
of the right foot and the other of the left, the second phalangeal bones 
were elongated and theie was a tumoi made up of small closel} packed 
lobules of fat, involving the sole of the foot close to the loot ot the 
toes 

In a case of bilateial fusion of the second and fourth fingeis oiei 
the thud there had been paitial intia-uteime amputation of the thud 
finger of the left hand and also of the teimmal phalanges of the fiist 
and second toes of the right foot 



Fig 11 — Partial bilateral sj'iidact} lism of the complicated t\pe The Innds oi i 
girl, aged 3 jears, with no family histor\ of syndact 3 lism There had been partnl 
bilateral sjmdactylism of the ring and middle fingers Xote the distortion ot the 
fingers and the unusual development of bone This child had been operated on 
several times before coming under our care and dense scar tissue increased the 
deformity and interfered with function Excision of the scar, readjustment ol 
the bones and grafting the denuded surfaces with whole thickness grafts con- 
siderably improved function In this case the original operatne work was done 
too early and the scar contracture markedh increased the lateral detormitics 

In a case of bilateral fusion of the second to the fifth fingers and 
of all the toes, theie vas also aciocephal} and theie had been intia- 
uterine amputation of the left thumb 

In one case m which there was complete fusion of the thud and 
fouith fingeis of the light hand, theie was a Indiocele 
In one case, there was a hemangioma of the scalp 
In one case wuth complete fusion of the stump= of the thiro and 
fouith fingers of the right hand and with complete lusion oi the luurth 
and fifth fingeis of the left hand the phalanges and mctacaipaK m tin 
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first arc! second fingeis, the ]ilial.ingcs of the thud fingei and tlie middle 
and leimiral phalanges of the fouilh fingci of the light hand were 
missing On the left hand, the phalanges and met.icaip.il hones of the 
fir^t finger weie missing, as weie the ph.il.mges of the second finger and 
all but the proximal poition of the proximal ph.ilanx of the third 
fingei Theie weie also bilateral ci.ihchn\ cleft feet, with the pha- 
langes and metataisals of the second, third and fouith toes missing 
In a case of incomplete fusion of the second and thud toes of the 
iignt foot, there was a bifid thumb on the right hand 

In one case of bilatei.il fusion of the second third and fourth 
fingers there was also a hilalcial tahjies ecjumo\arus and .i deep con- 



Fig 12 — Complete bilateral s\nclact\lism of the complicated tepe X-ra\ 
pictures of the hands of a hoj, aged 17, with no famih histor\ of sMulactchsm 
Note the unusual fusion and displacement of hone of the terminal phalanges of 
the ring and little fingers of both hands 

stiictmg band 0 5 cm wide, around the lower thud of the right leg 
above the ankle 

In a case of incomplete fusion of the second and thud fingei s of 
, the right hand, theie was also a laige umbilical hernia 

Ip a case of incomplete fusion of the second and thud fingers of 
the light hand and of the fourth and'fifth fingei s of the left hand, there 
was tongue-tie and an abnormality of the lowei jaw, also bilateral 
talipes equinovarus 

In one case of complete fusion of the thud and fourth fingei s of 
the right hand, there was a congenital cleft of the palate and bilateral 
talipes equinovarus 





Fig 13 — Photographs of the hands shown in figure 12 The bilateral fusion 
of the fingers can be well seen Ihe marked distortion ot the fused fingers is 
probabh due to the long period during which the condition Ins been allowed to 
remain unrelie\ed and illustrates the importance of the earU separation oi lined 
fingers of unequal length so that each finger ma\ be unrestricted in its growth 
Without doubt, this distortion would ha\e been much less marked ii separation 
had been done as soon as the unequal growth of the fingers became endeiit 
Dnision of the webs with closure of the skin edges In suture in mother elinic 
resulted m gangrene necessitating amputation oi the distal phalanx oi the leit 
little huger ft was necessare subsequenth to shorten the phalanx reinoie the >-c'>r 
tissue and skin gratt the remaining detect beiorc a ^atisiactore stump as 
hnalK obtained The right hand shows the vtpiration oi the finger- lu irl 
completed The coinmi^'-iire is higher than normal and should be loeereal When 
this IS done, full '-(.paration oi the fingers will be pf)-sibk Tin- c-^-e inu-tr'>tes 
the importance of presening the blood «iipph and the (Fn^tr oi ‘pjiro'ir’j ii ^ 
tl e skin edge- under too much ten-ion 
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In a case of complete lusion of the thud .ind fouith fini^eis of tlie 
left hand and bilateial incomplete fusion of the second and thud toes, 
theie weie double gieat toes on both feet 

In a case of complete fusion of the fust and second and of the 
fouith and fifth fingeis of the left hand theie w.is a supei numeiaiy 
little fingei on the left h.uid 

In a case of complete fusion of the scloiuI and thud toes of the 
light foot, theie was iitrlit talipes ecjuinocaius 

In a case ot fusion of the louith and fifth fingeis nf the left hand, 
theie WMS a h mphangioma of the light fool 



Fig 14 — Bilateral complicated s\ ndach lisiii of the li.iiidb in a girl aged 1 a car, 
who had no familj^ histori of s\ndact\hsin The head was quite large Right 
hand The shortened and thiekened second finger was united to the end of the 
fourth finger over the top of the middle finger The proximal phalanges of the 
fourth and fifth fingers were fused Left hand The third finger was missing 
except for a portion of the first phalanx, over this the second and fourth fingers 
were fused The fourth and fifth fingers w'ere also fused, and the left hand had 
the appearance of a mitten The first and second toes of the right foot w'ere miss- 
ing It IS probable that the fusion of the ends of the second and fourth fingers 
over the middle finger of each hand was due to the grownng together of two raw' 
surfaces which occurred during the process of intra-uterine amputations and that 
this was not caused by an arrest m normal development Operative tieatment 
The fused ends of the second and fourth fingers w’ere divided to allow' growth 
and the raw' surfaces were grafted 
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In a case of bilateial incomplete fusion of the third and fouith 
toes, theie was bilateral synostosis of the hist joint of the fiftli finger 

In a case of complete fusion of the fourth and fifth fingeis of 
the light hand and incomplete fusion of the second and third toes of the 
right foot, there were bilateial supeinumerary fifth fingers and toes 

REVIEW or OPERATIVE PROCEDERES USED IN THE TREATMENT 

rOR SYNDACTYLISM 

In dealing with the tieatinent for webbed fingers, it is advisable 
for the surgeon to be famihai with the difteient types of operations 



Fig 15 — SMidactj'lism associated AMth arrested de\elopnienf, in a Mliitc child, 
aged 5^2 years There was a histor\ of a first cousin of her imternal grindniothcr 
having had webbing of the third and fourth fingers This plate is shown to illvis- 
trate the fact which we ln\e noted sereral times in our series that associated witii 
s\ iidactA lisni there maj be arrested de\clopment oi the entire hand riitrc is 
incomplete fusion of the second third and fourth fingers Note tlic size oi all 
the bones as compared with the normal hand also the marked shortening oi the 
second phalangeal bones In this case the fingers were conipletch separated and 
the commissures formed , ca ere effort is being made to stimulate the grov th of 
the hand The function of the indnidiial fingers is pcriect 

that have been used at Aanous times as he niaj be able to utilize jioint- 
from more than one operatne method in dealing A\ith ihe jiariietil.tr 
case under consideration 
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A leview of the litci aline ic\c.ils nunieions metlioiK ih.it ha\c 
been advocated foi lelief fioni s\ ndatl\ lisni, ,ind we sb.ill outline 
biiefly some of the moie impoitanl of those \\hich have appe.ued 
dm mg the last one bundled .lud t\\ent\-rne ^e.us .md shall comment 
on them 

Riidtoi s OpiKiliou — J’iI/h(U(\ OpiKition — Dm mg the c<u best 
times simple dnisiou of the A\eh was ))t.ictitcd hut this pioced iiusatis- 
factoiy as it was almost .ilw.us lollowed In ,i ginwth of sc.ii tissue 



Fig 16 — Roentgenograms of a white bo\, .igeci 11, sliown to illustrate a 
marked case of bilateral svndact} bsni Right band 1 be second and third fingers 
are partially fused and although the w'eh does not extend to the terminal phalanx 
there is marked flexion of tlie third fingei w'hich can he noted in this figure and 
also in figure 17 Left hand The third and fourth fingers are completeK fused, 
the nails of the first and second phalanges being also joined Note the bone 
distortion and the position of the phalangeal bones In tr^ mg to restore the 
fingers m a case of this type, the greatest care is necessary and the onlv method 
which promised any result is the use of a wdiole thickness giaft to cover the raw 
surfaces and also form the commissure In such a case, if there is anv doubt 
about the circulation, it is advisable to separate only the distal portion first and 
later complete the W'ork 

across the commissuie, conti action of the scat and at least a paitial 
letmn of the original deformity Rudtoi ftei m 1801, modified this 

26 Rudtorffer Abhandlung ubei die Opeiation emgcoperiei ter Bruche nebst 
einem Anhang, Vienna, J V Began, 1810, vol 11 p 478 
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procedure by making a tunnel, fiom the cloisal to the pahnai aspect, at 
the base of the web A leaden thread was introduced through this 
opening and was kept m place till the tunnel Avas lined AMth epithelium 
this cicatiized fistula formed the flooi of the ucaa commissuie The 
AA^eb was then dnuded doAvn into the lumen of the tunnel and the fingeis 
weie kept separated until healing AA'as complete This pioceduie AAas 
model ately successful in the cases AAuth a thin AAicle AAcb Latei opeiatois 



Fig 17 — Same patient as m figure 16 Xotc the amount oi cxtcii-'inii prj'.siIilL 
in the fused fingers 

substituted a sih^ei aamic an india luhber coid oi a glass tube toi the 
leaden thiead Velpeau made use ot Rudtorfier s procedure, bin 
impiOAed on it b\ suturing the edges of the skin along c.ich linger .iitci 
diAision of the AA^eb cIoaaii to the epitheliahzed tunnel 

This method is far from satisfactorA as the commissure thus iurmc’ 
IS usualh narroAA and is halile to s]ilit in lact tlie procedure i> no\c 
seldom used Iia aiiA one aaIio is tamilnr aauIi the modern surgic i! tre u- 
ment foi fused fingeis 

27 Velpeau OiicratoL Surgtrv Towii'f’d and Mon \t. ^ f \ 

Vood 1847 lol 1 p Vf) 
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Fig 18 — A, complete bil.iteral s\ndaet\lism ol the complicated tepe m a girl, 
aged 6, with congenital bilateral fusion of the ring ind middle fingers and %\itli 
bony union of the terminal phalanges of these fingers on the right hand There 
was a family history of similar developmental deformities in the maternal grc.at 
grandfather, both hands, m the maternal grandfather, right hand, and in the 
mother, right hand B, note the double terminal ])hal.in\ of the left ring finger 
and the abnormal bonv growth on the radial side of the second phalanx near the 
joint There is also a double terminal phalanx on the right ring finger, which is 
fused with the terminal phalanx of the middle finger 1 Ins is rather an unusual 
type of bone fusion It can be noted in B that the nails on the right hand, w'here 
the bony fusion is closest, have a distinct groove separating them, w'hile on the 
left hand where the fusion of the bones is lacking, the nails are closely fused 
The lateral distortion of the terminal phalanges and the slight angling of the joints 
are to be noted , this is due to the fusion of fingers of unequal length Early 
separation of these terminal phalanges would probably have minimized the lateral 
tilting Cj ten years after operation Great improvement follow'ed the separation 
of the fingers but it can be noted that there is still some distortion of the terminal 
phalanges of both ring fingers In this case the commissures could be deepened 
considerably and possibly the terminal phalanges straightened The function of the 
hand is excellent and the patient has hesitated to undergo further operative work 
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Fig 19 — S\ nclact} lisni, missing inetacarpals and phalanges and crabclaw feet m 
a white child, aged 18 months with a histor\ of the mother having complete 
unilateral s}ndact}lism of the second and third toes of the left foot This case 
IS interesting from the fact that on the right hand the first and second fingers w'lth 
their metacarpal bones are missing, also the phalangeal bones of the third finger 
and the two distal phalanges of the fourth finger, although there is apparent fusion 
of the stumps of the third and fourth fingers On the left hand, there is com- 
plete fusion of the fourth and fifth fingers The thumb wnth its phalanges and 
metacarpal bone is missing, as are the phalanges of the second finger and with the 
exception of a small fragment, those of the third finger Both feet are of the 
typical crabclaw cleft type In this case, the first step was the preliminary 
separation of the fourth and fifth fingers of the left hand to allow normal growth 
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ZcUci’s Ofciatwu — In 1810 Zdlci inliocluccd the flap method 
He laised a slioit V-sh<i])ed ILij) on the dois.d as])eet of the root of 
the web, the base of the flap conespondine: to the position of the 
noimal commissine (fit( 20) \ftei diMMon of the le'^t of the \\ch, 
the apex of the llap w.is diawn thiouith between the finiters .ind sutuicd 
to the palmai as])ect. tlnis foiminif ,ind hinne; the comnnssnie 1 he 
tendenct toi slontthintj to oeeui ,it the ti]) of the \ -sha])ed (l.ip led 



Fig 20 — Same patient as in figure 19 

Dieffenbach to adopt a flap of qtiadi ilatei al outline wdneh w'as utilued 
in the same way Anothei modification of this opeiation tvas des- 
cribed by Norton,^® who made use of two tiiangiilai flaps, one fiom 

28 Zeller Ueber der ersten Ersclieinungen venerischen Locall^rankheit, 
Vienna, J G Binz, 1810, p 109 

29 Dieffenbach, F J Chirurgiscbe Erfahrungen besonders uber die Wieder- 
herstellung zerstorter Teile des inenschlichen Korpers nach neiien Methoden, 
Berlin, T C F Enslin, 1834 

30 Norton, AT A New and Reliable Operation for the Cure of Webbed- 
Fingers, Brit M J 2 931, 1881 
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tlie doibcil .ind the othei fiom the palmai aspect, which were earned 
belAAceii the fingeis fiom oj^posite diiections to foim a new commissme 
Ihe piiiKipIe of Zellci’s opeiation was also used in the method of 
Deces and that of i\Ioie!-Lavalle ^ The use of a flap, either single 
01 double, foi foiining the comnussiue was a distinct advance in the 
tieatment foi this defoimity, and we fiecjuently use it in one form or 
anothei with considciable satisfaction 

D!(hf\ Opciatioi ! — This method has been attiibuted to Didot,^- 
Didai " and Nelaton ‘ Didot desciibed the method m 1850, while an 



Fig 21 — S} nclactyJism, associated with double great toes, in a negro boy, with 
no famib' histor 3 ' of similar trouble There is almost complete fusion of the third 
and fourth fingers of the left hand, also bilateral incomplete fusion of the second 
and third toes and bilateral double great toes Note that the terminal phalanges of 
the webbed fingers are not completely adherent and that the separation present has 
prevented the marked distortion which ordinarily would have occurred had the 
fusion been complete between these fingers It can be seen, however, that there 
IS considerable pull exerted by the third finger, and further separation was advis- 
able in order to avoid lateral curving of the digits before the formation of the 
commissure and the final complete separation of the fingers As far as the feet 
are concerned, the webbed toes should not be disturbed Except for the width 
of the feet there is no need for interference with the double great toes in this 
particular case 

abstract of Diday’s paper appeared in the same year (fig 21) Nelaton’s 
aiticle on the subject uas not published until 1884 The principle 

31 Morel-Lavalle Cas de sjndactjdie chez un homme, Compt rend Soc de 
biol 1 166, 1849-1850 

32 Didot, A Acad roy de Belg 9 351, 1849-1850 

33 Didaj, A J f Kinderkrankht 15 470 1850 

34 Nelaton, A Flements de pathologic chirurgicale. Pans, Germer-Bailliere 
et Cie, 1884, vol 6, p 1020 
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consists of the pioduction of t\\o shoit, bi oad-based fju.idnlatei.il flaps, 
the first Avith its pedicle on the doisum ol one of the united fini^eis and 
the second with its pedicle on the palm.ii aspect of the othei fin{?ci 
The bieadth of the flaps coiicspoiids to the length of the web. and 
then length should coiiespond to the width of the i.iw sui f.tce c.ich 
flap has to cover Aftei the flaps hace been i.iised the iciu, lining 
tissue uniting the fingeis is dnided in the iindline, inteifeience with 
the ciiculation being aioided if possible 'i he fl.ijis ,ue then swung 
around to covei the law sui f.ice f»f the fingei to which e.ich is attached, 
and aie sutuied in place On ji.ijici tins is an .itti.ictne pioceduie but 
in actual practice we laicK use the inethod, cspeci.tlh when the fingers 
aie closely fused, as the flajis aie seldom snrficientl} long to co\ei the 
defect Consequenth, when the closuie is in.ide, c.ue must be taken 
to avoid too much tension on the flap'', as this m some mst.mces m.a} 
obstuict the ciiculation suflkicnth to c.uise g.mgrene of the fingei 
In this t}pe of operation the fingeis <iie sep.n.iled .ind theoieticalh 
co^eled, but no piocision is m.ide foi the foim.ition of .i tiue coin- 
nnssuie This may be foimed, howeiei b\ .1 skin gi.ift 01 ,i fl.ip from 
a distant part 

In ceitain instances when theic is sufficient skin to .issnic flaps In 
Didot’s inethod winch aic long enough to be sutuied without tension, 
the preliminan foimation of a skm-lmed tube at the b.ise of the web to 
foiin the coinmissuie might be considcicd 

Agnezv’i> Opaation (1883 ) — This ])ioceduie is used when the 
w'eb is quite wide, and it is lealh a modification of Zellei s ojieiation but 
difteis fiom the lattci in haMiig the V-shaped fi.qi extend to the distal 
maigin of the w^eb The flap is laised fiom the doisum of the web, 
with its base at the metacai poph.ilangeal joint Aftci dnision of the 
remaining portion of the web. the flaj> is sutuied to the palm, and the 
lax skill of the palmai sui face is used to close the law sui faces of 
the fingers (fig 22) In using this pioceduie we haie found that a blunt 
pointed flap is more piactical than one with a sharp point 

FebsePs^° Opeiatwn (1892 ) — This operation is almost mdentical 
with the modification of ZelleTs opeiation piacticed bj Noiton Two 
small triangulai flaps aie raised at the base of the w^eb wuth then apexes 
pointing distally One flap is on the palmai and the othei on the 
dorsal aspect of the hand (fig 23) Aftei the w^eb is duided, the flaps 
are drawn betw^een the fingeis and aie sutuied side b\ side to foim the 
new" commissure This pioceduie insuies the foimation of a bioad, 

35 Agnew, D H Principles and Practice of Surgery Pliiladelplna. J B 
Lippincott Company, 1889, vol 3 p 371 

36 Fehzet, G Rev d’orthop 3 49, 1892 
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Fig 22 — Incomplete simple unilateral sjndactjlism of the right hand and toot, 
associated with bilateral polydactylism of the hands and feet, m a boy, aged 6 years, 
who had a family history of syndactylism in the father, a sister, a granduncle and 
a cousin on the paternal side There is fusion of the fourth and fifth fingers of 
the right hand which extended nearly to the nails There is incomplete fusion of 
the second and third toes of the right foot There are also bilateral supernu- 
merary fifth fingers and toes Roentge'n examination showed the bones to be 
normal The web was divided, and the skin which was slack was sutured, thus 
covering both fingers The commissure was made by utilizing the skin of the 
supernumerary fingers A perfect functional result was obtained The age of 
this patient was about right to begin operative work 
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thick commissmc, and \\ith moflifications ni.ulc to suit conditions it is 
useful The law sui faces ina} he closed 1)\ sutuics it the skin is Ia\. 
otheiwise they must lie giafted 

BidiveU's ' Opciation (J9J3 ) — I his o]icM,ition is ])iactic.ill\ a 
comhination of Zellei’s and Didot’s opeiations and consists of the jiio- 
duction of a V-shajied fla]) on the doisuni at the base of tin wch ,ind 
a lateial flap of the Didot t\pe on the doiusm of one of the fused 
fingeis A stiaight incision is made thiough the jialm.ii poition of the 
A\eb to msuie noimal skin on the palmai sui f.ice of the fingeis 1 he 
doisal V-shaped flap is sutuicd to the p.ilm, .iftci diMsion ol the \\ch 
to make the comniissuie and the l.iteial flaji is sutuied to the edi^e of 



Fig 23 — Zeller’s operation for s\nclact\!ism Zeller in 1810, ^\^s the first 
to suggest the use of a flap to form the commissure In this drawing the webs 
were lax and thin The dotted lines indicate the incisions Note tlie short pointe 1 
flap outlined at the proximal end of the w'cb The fingers were separUed, tlie flap 
w'as raised and drawn betw'een the fingers The tip was tlien sutured to the inci- 
sion on the palmar surface, thus forming the commissure 

the skin of the palmai aspect of the fingei to which it is attached 
(fig 24) This leaves an extensive law aiea on the dorsum and iniiei 
aspect of one fingei, which should he coveicd by a skin giaft Ihe 
pioceduie may even be used in cases m which the tveh is ^ely naiiow, 
and should be home in mind, as the commissuie is foimed with a flap 
and one finger is coveied with skin, leaving only a single aiea to giaft 
The choice of fingeis to covei with the flap is impoitant 

37 Bidw'ell, L A Minor Surgery, ed 2, New' York, William Wood &. Com- 
pany, 1913, p 90 
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Pamela '' Opciaiioit (1911 ) — This is a modification of Didot’s 
opeiation in which a Z-sha])ed incision is made on the dorsal and pal- 
mai bin faces of the web, m place of the usual quadiilateial flaps 
(fig 25) Each Z is lesohed into two V-shaped flaps on the front and 
back of the web, and these aie bi ought around and sutured to foim the 
mnei sui face of each fingei The tips of the V-shaped flaps are likely 
to slough if theie is any undue tension 

Tubby ‘i Opeiafioii (1912) — Tubby”®® made use of the piinciples 
of Rudtoifitei, ZeJlei and Didot, and his opeiation is practically identical 
Mitb one of the methods pieviously described by Felizet Two flaps are 
cut at the base of the web, the palmai with its base towaid the tips of 
the fingei s and the doisal in the opposite diiection (fig 26) The soft 
paits between the flaps aie lemoved, and each flap is drawn through 
this opening and sutured so as to line it as completel} as possible A 



Fig 24 — Didot’s operation for sMidactyJism The drawing shows the fusion 
of two fingers, A and B The solid line indicates the incision made in raising the 
palmar flap W'lth its base on B A similar flap is raised on the dorsal surface of 
the fingers with its base on A The dotted line shows the site of the midline 
separation of the fingers after the flaps are raised After the fingers have been 
separated, the flap with its base on B is brought around and sutured to fill the 
defect on B, which is left by raising the flap with its base on A The flap on A 
IS used in a similar manner to fill the defect on this finger The transverse sections 
indicate the manner in w'hich this procedure is carried out 

glass lod IS then passed thiough the opening and is held in place bt 
siippoits projecting fiom a metal cuff fastened about the wrist When 
the foramen has completely healed, the second stage is carried out as 
111 Didot’s opeiation, and the glass rod is again placed in position to 
insuie the maintenance of the commissuie in its normal location This 
seems the rational place to use Didot’s operation, if there is sufficient 

38 Faniel, H Svndactihe, modification du precede de Didot Scalpel, Liege 
64 254, 1911 

39 Tubby, A H An Operation for Webbed ringer« Bnt J 2 1464 
(Nov 23) 1912 
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p,g 25 — 'XtiiK-u’s opcT.itioii lor >;\ ii(l.ict\ liMii i lit (Ir.iwmK ‘•Iiowb .i i.i\ 
web The clotted line indientes the incision made to lorin tile flap Note tliat the 
flap IS long and extends to tlie margin ol tlie well J lie drawing shows the flap 
much more blunt th,m th.it onginalh n-Ned b\ \giiew i he flap is raised and alter 
a midhne separation oi the fingers, it is brought lorwnrd between the fingers to 
form the commissure and is sutured m jiositioii 1 he skin on the fingers is closed 
bv sutures 




Fig 26 — Fehzet’s operation for syndactylism fDavis, J S Plastic Surgery, 
Philadelphia, P Blakiston’s Son & Company, 1919, p 239) Tw'o small triangular 
flaps, one from the palmar and the other from the dorsal surface, are raised from 
the base of the web with their apices pointing distally The fingers are separated 
and the flaps are brought down and placed side by side and sutured, thus forming 
the commissure If the skin on the fingers is lax the edges may be sutured, other- 
wise the defects left must be covered with whole thickness grafts 
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skin to close \\itliont tension, as the commissine is formed before the 
fingeis aie leleased, howevei, we have seldom found it necessary to 
foim a commissine by means of a peimanent fistula 

Radulcsco s Opoatwn (1923 ) — This operation IS somewhat 
similai to Faniel s opeiation The doisal and palmai incisions are made 
m the foim of an inveited question maik instead of a Z, the dorsal 
flap extending as low as the metocai pophalangeal joint, and the palmar 
flap not cjuite so low This eliminates the sharp apexes that have a 
tendenci to slough, and is an impiovement ovei Faniel’s procedure 
The flaps aie sutured in place to foim the inner aspects of the fingers 
and also the commissine (fig 27) The method is well woith bearing 
m mind and vill be found useful This opeiation, as well as that of 




Fig 27 — Bidwell’s operation for syndactylism The dotted lines indicate the 
incisions The triangular flap at the base of the web is drawn forward after the 
fingers are separated and forms the commissure Note the wide flap to be raised 
from the back of the middle finger which has its base on the dorsum of the index 
finger and which will be brought around to cover the defect on the index finger 
This, of course, leaves a large uncovered surface on the middle finger which 
should be covered with a whole thickness skin graft 

Faniel, depends on the shifting of flaps cut in difterent ways, and the 
vitalit} of these flaps depends largely on whether or not they can be 
sutured without tension 

Vtllechaise’s Opeiation (1927) — This is a modification of the 
piocedtires of Didot and Agnew, applicable in cases m which there is a 

AO Radulesco, A D Un nouveau precede operatoire digito-commissural 
comme traitement de la S 3 ndact 3 d]e congenitale, Re\ d’orthop 30 499, 1923, 
Abstr, Internat Survey Surg, Februar\, 1924, p 257 

41 Villechaise, and Jean, G Quelques points de technique concernant la 
chirurgie de la syndact} he. Rev d orthop 14 241, 192/ 
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wide web between the hni^eis ]n jilace of (he doisal ^ -shaped flaj) 
of Agnew, a palmai quadiilateial fiap is i.iised, uilh its base ,it the 
metaeaipophalangeal joint (hg 2S) \\ lien diawn Iietwten the sep.i- 

lated fingeis, tins flap foims (he coniinissiii e Jn pl.ice of the doisal 
and pahnai hngei flaps ot fDidot tno doisal lingei flajis are made to 
foim the innei sin face of the fingeis In e.ises in uhieh thcie is <i 
naiiow Mel), a long pednnenl.ited fl.ip is i.nserl. with its ha‘<e at the 
metaeaipophalangeal joint and its ,ipe\ exteiuliiig pio\im,ill\ along the 
doisum of the hand The web is then dnided and the fl.ip is swung 
aioiind to coiei the mnei sm f.ice of one of the liiigeis 'J his ])io- 
ceduie is also ad\ocated hi Foigiie ffig 2‘t) '1 he diflicnlt} is that 

no pedunculated flap as long ,is that shown m the ilhistt.ition .uul with 
as nairow' a jiediele eaii h\e in smli a situ.ition unless u is e.ncfulh 

I X XI 



Fig 28 — Faniel s operation for sMidact% lisin T iie drawing shows fusion of 
the third and fourth fiiigcis designated 1 and 2 A tiansverse incision ‘l-B is 
made at the most distal point of the fusion This includes half of the sKin of 
both fingers From A, an oblique incision, C-D, is ni.ide to the center of the base 
of finger 2, ending near the metacarpophalangeal joint From D an incision is 
earned to the middle of the base of the proximal phalanx which ends a little higher 
than the level of the future commissure, a line from E to /' being parallel to dF 
This forms the flaps BAG wnth its pedicle on finger 2, and CDE with its pedicle 
on finger 1 The same incisions, reversed, are made on the palmar surface of 
the fingers and two other flaps thus formed The four flaps are dissected up, the 
fingers are separated and the flaps are sutmed into the positions into winch tlie\ 
fall 

piepaied as a delayed tiansfei of the double pedicled aaiiet}, wuth 
subsequent division of the outei pedicle Howevei, it might live as 
would a graft if it consisted of the skin alone, but in oui opinion a 

42 Forgue, L D Syndactvlie membraiieuse coiigemtale du medius et de 
I’aniiulaire des deux mams operation Arch de iiied et pharm mil 27 128 1896 
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whole thickness giaft \\oulcl be piefeiable, as it could be obtained -with- 
out damage to the hand 

Stones Operation (1908 ) — T S Stone demised a method for 
co\eiing the indev and little fingers with skin in cases in which there 
IS fusion of the second, thud, fouith and fifth fingeis A dorsal longi- 
tudinal incision IS made along the full length of the web betueen the 
ling and middle fingeis. and transverse incisions are made on each 
side of this incision at the base and apex of the web thus foiining two 
doisal quadiilateral flaps The pedicles of these flaps aie on the index 
and little fingeis The webs attached to the index and the little fingeis 
aie then divided and the flaps on the doisa of these fingers are swung 
around and sutuied to the palmai aspect, thus coiering these fingers 
with skin (fig 30) The middle and ring fingers are still fused but 
aie denuded of skin on then doisal sui faces This law suiface ma^ 




Fig 29 — Procedure of Felizet (Berger and Banzet Treatment of SMidac- 
tjdism, Chir Orthop , 1904, p 278) 1 shows the incisions made outlining tlie 

dorsal flap D with its pedicle toward the tips of the fingers 2 shows the inci- 
sions outlining the palmar flap with its pedicle toward the palm 3 shows the 
buttonhole made between the fingers after the flaps are raised with the dorsal flap 
lining the distal end and the palmar flap the proximal end The sides ot the but- 
tonhole are allow'ed to heal b^^ granulation this procedure the commissure i^ 
formed Note the elastic ligature abo\e wdnch is passed through the web and 
is tightU tied, w'hich is e\entualh supposed to complete the separation but toda\ is 
seldom, if ever, used The formation of the commissure bi this method is prac- 
tical!} the same as that subsequenth described b} Tubb\, but instead of using the 
elastic ligature, he utilizes Didot s method for co\ ering the fingers 

be co}ered b} a giaft, a gauntlet flap or a pedunculated flap fioin the 
abdominal w^all This operation piovides for the separation of two of 
the fingeis and then being coieied with skin flaps but this is onlt the 
fiist step as wude commissuies ha}e to be foimed before the fingers can 
function proper!} The ring and middle fingers can subsequent! i lie 

43 Stone J S American Practice of Surger\ New York Y m ood fi. 
Compan\ 1908 ^ol 4 p 634 
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sepal ated and at the same lime a commissmc foimed cilhei In tlie use 
of a flap of the intact skin i\ith giaftni'4 nheii nceessai\, 01 

b^ simple diMsion of the neb followed In linm<( the law siiif.iccs <ind 
foimmg the comniissuie with single whole thiekness giaft In the 
method desciibed latci Stones eipei.ilion is based on Didot’s qiiadn- 
lateial flap method but he secines both fl.ips fiom the back of the 
middle and img flngcis lathei than one fiom tlie doisa! and one fiom 
the palmai surface This lea\es a single bio.id denuded aiea which 
IS much easiei to cmei with a skin giaft 01 flap th.in the 11,11 lower 
denudations that icsult when the flaji^ aie laned fiom the front and 
back of the hiigeis to be co\eied 'ihe iitih/ation of the skin fiom 
tlie entile doisal suilace of the fused middle and ring fiiigeis gnes a 
flap of sulflcient sue to co^el the foie ,md little fmgeis without tension 



Fig 30 — Radiilesco’s operation for s\ndact\]ism 1 and 2, tlic dark lines 
indicate the incisions made in raising fl.aps which will co\cr in the fingers and 
also form the commissure 3 shows the flaps sutured in place 

METHODS FOUND USEFUL B\ \UTIIOKS IN THE TKEAIMENT FOR 
CONGENlTXL ST ND \CT\ LIS^^ 

A glance at the summary of oui senes of cases and at the illustia- 
tions will give an idea of some of the vaiieties of the defoimit}’’, and 
wall indicate clearly that the problem of reconsti uction is far from 
simple As a mattei of fact, in ceitain instances complete lestoiation 
of normal function may be impossible 

Experience has shown us that no single opeiation has yet been 
developed winch can be used in lelieving all types of syndactylism 
Each case must be studied carefully, and the method 01 combination of 
methods selected which will be most effective foi the individual case 
The cure of syndact3dism, even in the simpler cases, is not as easy as 
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some of the diawmgs and operative descriptions would lead one to 
believe In fact, a good lesult is a difficult matter to accomplish, and 
It is fiequently necessai} to operate seveial times before the desired 
outcome is obtained 

Most Suitable Age foi Opeiation — In the instances in which there 
IS complete fusion of fingeis of unequal length with coheience of the 
teiminal phalanges on the same level, development is interfered with 
and maiked secondai} defoimit} will be produced unless the fingers 
aie sepal ated sufficient!}, to allow the independent unhindered growth 
of both fingeis This sepaiation should be made as early as the 
inequality of giowth becomes apparent, howevei }oung the child may 
be We usually separate the fingeis in the midhiie and cover the raw 
sui faces with a whole thickness skin graft This procedure, which is 
all that should be done at this peiiod, usualh gives the fingers an 
oppoitunity to giov, and often pie\ents lateial bending of the 
phalanges 



Fig 31 — Villcchaise’s operation for SMidactylism A palmar flap, CABD, is 
formed, then two dorsal flaps, EFLK and GFLM The fingers are separated, and 
the flap CABD is carried backward between the fingers and sutured to form the 
commissure Then the two dorsal flaps are brought forward and sutured to fill 
the defects on the fingers 

On the other hand, we feel that in the majorit} of cases, it is pool 
surgical judgment to opeiate foi complete relief fiom this malforma- 
tion and to attempt the formation of a wide commissure before the 
child IS 6 or 7 years old We sa.y this advisedly a? in the instances in 
which early complete operations hate been done, here and elsewhere, it 
IS almost always necessary to do them over again tvhen the child grows 
older We often see patients whose hands have been operated on 
several times for complete relief from S3ndact}hsm before the} aie 
6 months old, and some of them are in such condition that it takes 
yeais of work and numerous operations to salvage the fingers so that 
they may become even partially useful In several instances in which 
function could not be restored, w^e ha^e had to amputate the deformed 
fingers 

Opeiahve Treatment — The ke\ to the success of ain operatne 
procedure undertaken for relief from s\ ndact} lisin is the formation of 
a satisfactory commissure between the fused fingers, and m order to 
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allow foi subsequent sluink.iqe tins < niunussiiic sh<»ulfl b iiMfh some- 
what clcepei and wuki than that iututeu the uoiinal iinmis Wlun 
one is dealing with a web that (has not hold tlu lingtis closth tog(tlui. 
oi in nthci wouK with a Ia\ wih si\tMl iiuaidiius ma\ In tiled \ 
uselul method is to i.iise a long dol'^al ll.i)), which is miuli mou hhint 
than that suggested In \gncw. and which has i(s i>edich tow aid tiu 
wiist on the leiel ol the nict.ic.iipophalangcal joints Xitci a rnidlinc 
dtiision of the j)<ilniai suit. ice ot tlu wtb down to tlu s mu h\(l, .t 
shoi t tiaiisceise ineision is m.ide (»n c.ieh side toiinmg .in nucitcd I 
The hap is cliawn foiw.itd between tlu huge is to toim the comniissuic 
and IS sutuied to the tians\eise poition ot the* I 1 In sKm on tlu fingers 
is then sutuied We use hoiseh.ni sntnics t\eliisi\eh in all ot these 
eases We find howeeei depending on eonditioiis. th.it shoitii dois.tl 



Fig 32 — Forgiic s operation for send ict\ hsm (Villceii.iise .md lein) 'i fa 
dotted line shows the incision made in r.iisnig a pediineul.ited flap from tla dorsinn 
of the hand, to he used in coeenng tlic r.iw surface ot one finger .ifter diMsion 
of the web The circulation of this A.i]) would he more .issurcd if one of the 
methods of delajed transfer w'crc used rather than an iininediatc transfer 

and palmai flaps wdneh ina> be eithei sutuied end to end or side to 
side are often preferable foi forming the eommissuie If the skin of 
the fingeis is lax and can he closed w'lthout tension, w'c suture it o\er 
the raw surfaces, but when theie is tension, it is picfeiahlc to coter the 
raw sui faces with wdiole thickness skin giafts 

Wdien the w^eb is compaiativel}'’ shoit and w'lcle and does not extend 
further than the pioxnnal phalangeal joint, w'e find the use of the Z 
incision with tiansposition of the flaps thus foimed most helpful In 
these cases, we make an incision along the iim of the web betw'’een the 
fingeis and separate the web into tw^o leaves The aims of the Z aie 
formed by incisions beginning at the ends of the pnmaiy incision, that 
on the dorsum extei^s from one end of the pnmaiy incision diagonally 
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acioss until it i caches appioximatcl)^ the level of the metacai pophalan- 
geal joint between the bones, that fioni the other end extends diagonally 
on the palinai sin face to a point opposite the lowest end of the dorsal 
incision When the aims meet the piimaiy incision, it is advisable to 
cnne the incision so that the end of the flaps will be blunt rather than 
pointed By nndei cutting the tissues outlined by these incisions two 
flaps aie foimed These aie laisecl and tiansposed, the tip of each flap 
being sutuied into the extiemity of the incision making the opposite 
aim of the Z, and the adjacent maigins aie sutuied, thus releasing the 
web and foiming a good woiking commissuie 

When the fingeis aie closel)'^ fused, we proceed in either one of two 
uajs, depending on conditions In one group of cases, we form the 
commissuie bj means of two pedunculated flajis, one of which is laised 
on the doisum of the fused fingers, with its base towaid the wrist 



Fig 33 — Stone’s operation for syndactylism This operation is devised to 
cover the index and little fingers in the cases in which there is fusion of all the 
fingers A dorsal longitudinal incision is made along the full length of the web 
between the ring and middle fingers and transverse incisions are made on each side 
of this incision at the base and apex of the web, thus forming two quadrilateral 
flaps, the bases of which are on the index and little fingers The index finger is 
separated from the middle finger, and the little finger is separated from the ring 
finger The flaps are then brought around and will cover the defects completely 
The raw surface on the dorsum of the middle and ring fingers is covered with a 
whole thickness graft or a pedunculated flap from a distant part 

about on the level of the metacarpophalangeal joint and the other on 
the palm on about the same level Each flap should be sufficiently long 
to be able to pass between the separated fingers and be sutured without 
tension, the dorsal flap to the end of the palmar incision and the 
palmar flap to the end of the dorsal incision The flaps should be 
blunt and as thick as possible in order to assure their blood suppl) 
When the flaps touch as they he adjacent to each other, the edges 



Fig 34 — wliUc l)o^, igtcl 6 \t.irs. with no lninil\ liistor\ oi lul.ictv Iisin, 
showing the result ot three preMoiis operations periorineel elsewhere to reliewe the 
defect Tile first operation was done wlien tlie jiitieiit was 4 inontlis old, and 
the others within tlie first eigliteeii montlis J Ins jneture is not .in tinconinion one 
and illustrates our reason for not doing the complete ojier ition .it an earh age 
A and B note the recurrent web extending be\ond the proximal iihalangeal joints, 
also the flexion of the fingers due to sear contracture Sc.irs outlining the flaps 
w'hich W'ere originalh used to form the commissure can he seen at the base of the 
fingers C and D, result three weeks .iftcr the second.ir\ operation The com- 
missure w'as formed b\ blunt pointed .interior and posterior flaps which were drawn 
between the separated fingers and laid side be side The tip of the palmar flap 
was sutured to the defect on the dorsum of the hand and the dorsal flap to that 
on the palmar surface \Miere the edges of the flaps came m contact, thee ^'cre 
sutured The contracture of the fingers w'as then relieved as completch as possible 
by excision of scar and stretching Then into the raw surface on each finger was 
sutured a measured wdiole thickness graft A seasponge dressing was applied 
which was not disturbed for eighteen davs Note the depth and width of the com- 
missure, also the grafts which have healed niccU There is still slight flexion of 
both fingers, but it is probable that active use and massage wnll overcome this 
E Five weeks after operation 
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aic sutuied this method a good commissure can be obtained, 

but at tlie saciifice of a ceitam amount of the skin of both fingers, 
which m the closely fused cases, absolutely pre\ents closuie of the edges 
of the skin by sutuies and leaves a raw suiface of varying size on the 
iniiei sui faces of both fingers In oidei to covei these law surfaces we 
use measuied grafts of thin ban less whole thickness skin, usually 
obtained fiom the innei side of the arm, uppei inner part of the thigh 
01 piepuce, and sew these grafts into place with horsehair 

In anothei giouja of cases with A'^eiy close fusion extending to the 
end ot the fingeis, we simpl 3 >- sepaiate the fingers carefully along the 
normal line of division exactly m the midlme and cany the separation 
back neaily to the level of the metacarpophangeal joints This pio- 
ceduie leaves a law suiface on the innei side of both fingers extending 
to the bottom of the proposed commissure The fingers are separated 
quite widely and the outline of the defect is made uith a piece of per- 
foiated cellosilk This outline is transferred to the area from which 
the giaft IS to be taken, and a single whole thickness graft is cut and 
tiansfeiied to covei the raw surface and is sutuied into place with 
hoisehaii In this wa}^ a single measuied whole thickness graft fills 
the defects on the sides of both fingers and also forms the commissure , 
in mail}'- instances, we consider this procedure the method of choice 

Method of D)cssiug — We have found the following to be the most 
satisfactory dressing after the sepaiation of the fingers and use it as a 
routine measure whether flaps or grafts, or both, have been employed 
in the reconstruction The fingers fully extended are widely separated, 
and after a few layers of silver foil are applied, one thickness of gauze 
'impiegnated with 3 per cent xeroform ointment is placed evenly 
over the grafts or flaps A strip of sterile moist seasponge is drawn 
down snugly over the newly formed commissure Then the space above 
it between the fingers is packed quite tightly with pieces of seasponge 
until it is completely filled Narrow pieces of sponge are inserted 
between adjacent fingers, and a large flat strip is placed on the front 
and another on the back of the hand, thus covering the fingers on all 
sides with the sponge The whole is secured under even pressure by a 
bandage to fix the sponges and immobilize the fingers An anterior 
hand and forearm splint is then applied The tips of the fingers should 
be visible to check on the circulation This dressing is left undisturbed 
for from two to three weeks, and when it is removed, the commissure 
IS formed and the healing of grafts and suture lines is complete Sub- 
sequently the sponge pressure may be reapplied if considered necessar} , 
but ordinarily simple gauze will be sufficient until protecting dressings 
are unnecessary 




Pig 35 — wliilL witli .1 f,unil\ Iiistor\ oi ''\iul ict\Ii''ni I he f.itlitr, 
fathers sister and iiatcrn.il graiicIfattiLi all li id wthlud toes, no webliing of the 
fingers was preMoiisl% noted There had been two other elnldren Iiorn sinee tins 
one who have had no sign of s\ndaet\hsin 'I and B \-r i\ plates taken when 
the patient w'as 1 da\ old Note tlie shadow ot tlie siipci nninerar\ finger on the 
proximal phalanx of the little fingei of the right hand 'I here was also a smaller 
supernumerary finger attached to the terminal phtilanx of the little finger ol the left 
hand Right hand The third and fourth fingers were completely adherent to the 
tip but there was no fusion of the bone or nail Left hand Ihere Wtis fusion of the 
third, fourth and fifth fingers There W'as fusion of the bone of the terminal 
phalanges of the third and fourth fingers, and the nails weie also fused The 
large phalangeal bones seen m the pictures aie those of the nurse w’ho held the 
hands Toes There w'as bilateral w'ebbing of the second and third toes, nearh 
complete on the left foot When the patient w'as 11 months old, the terininal 
phalanges of the third and fourth fingers of the left hand w'ere separated C, 
result of first operation D, result of subsequent operations to prevent deformit\ 
and to allow normal growth Note the separation of the fingers and that there 
has been no attempt to form wide commissures , also that the fingers have grow'ii 
straight except the terminal phalanges of the third and fourth fingers of the left 
hand In this case, there had been fusion of the bone and no lateral ligaments 
were present m the fused side, w Inch wmuld account for the tilting of the terminal 
phalanges 
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TREATMENT TOR ACQUIRED SYNDACTYLISM 

In the opeiative \ioik foi lelief fiom congenital syndactylism, one 
usually deals with noimal tissues On the othei hand, in acquired 
syndactylism, the tissues dealt with aie eithei entiiely scar or are scar 
infiltiated Opeiative pioceduies that can be successfully carried out 
in the ti eatment foi the congential cases cannot be done in the acquired 
cases, because the blood supply of the scai tissue is insufficient to 
nouiish the necessaiy flaps For this leason, the methods of treatment 
aie somewhat limited In a case of incomplete acquired syndactylism, 



Fig 36 — Types of acquired syndactylism A, result of a burn The fingers 
could not be flexed and there was little separation possible on account of the scar 
tissue There is partial fusion between the second and third fingers and between 
the fourth and fifth fingers, but it is most marked between the third and fourth 
fingers where the commissure is obliterated and fusion is nearly complete up to the 
proximal phalangeal joint Relief was obtained in this case by excision of the 
scar, followed by the use of a whole thickness skin graft which formed the com- 
missure and covered all raw surfaces A good functional result w'as obtained 
B, result of a burn The entire hand is covered with scar tissue The fingers 
cannot be flexed or spread apart Note the partial fusion of all the fingers and 
the obliteration of the w^eb between the thumb and forefinger Considerable 
improvement in function w'as obtained by shifting scar flaps and b\ the use of 
wdiole thickness grafts 
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m which the \\ch is taiih wuk. it nM\ ht jinssihk to uhe\c the con- 
dition In the use of tlie Z intision as dcsciihcd 'J he fi.iiis should not 
be cut as lone: niicn one is dt.ihnir with noiinai tissue hut tlic\ 
should be made as thieh .is possible in oidii to insuie .i bitter blood 
sup]d\ 

When the .ifoiementioiied pioitduie is nnpr.Ktie.ible on .iteount of 
the t\pe of liision, the finiteis should be e.netulh sepai.ited and the star 
dissected out if jiossible down to nunn.il tissue llun into the defect 
thus foimed <i sinttle measuied whole tbicUness skin cji.ift should be 
sutuied with hoisthaii so that it co\iis thi dtnudid sm fates of tin 
fingeis ,ind foinis the eoniniissuie 



Fig 37 — T^pcs of acquired s\ndact\lisni -/ result of st\crc bums There is 
lateral scar contracture at the wrist which throws the hand out of hue The stumps 
of the proximal phalanges of .ill the fingers arc co%ered with scar tissue and arc 
closely fused The web bctw'ccn the tliunib and first finger is much shortened In 
this case the first step w'.is the rel.ixation of the contracture at the wrist after 
which the stumps of the fingers were separated and grafted, and the web between 
the thumb and forefinger was relaxed In a Z incision with the transfer of flaps 
B, result of a severe burn The proximal phalangeal stumps are covered by a 
thin painful scar and are completely fused The length of the remaining phalange.il 
bones can be judged by comparing them with the length of the thumb The 
stumps moved as one piece The dimples m the scar arc the openings of epithelial 
lined fistulas which run betw'een the phalanges and arc the remains of the original 
commissures These have been drawn bj^ scar contracture tow'ard the end of the 
stump and are much displaced The process of repair m this case was to remove 
the thin painful scar and replace it with a pedunculated flap from the abdominal 
wall which w'as arranged so that it covered the phalanges on both front and back 
Later the finger stumps were separated and the commissures formed so that 
individual digital motion was posfeible, and in the end a fairly useful hand w'as 
developed 
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In some instances m \\lnch the fingers aie fused and in which there 
IS little hope of seeming a worth while functional result on account of 
the leplacement of the integument by dense scar, it is advisable to dissect 
out the scar and covei the defect with a pedunculated flap Depending 
on conditions, a gauntlet double pedicled flap, a tubed flap or some 
othei delayed tiansfer t3''pe ot flap may be used After the flap has 
giown in place, the pedicle is divided and set m Then in due time 
aftei shrinkage has taken place and the skin and subcutaneous tissues 
aie completely adjusted to then new environment, the fingers may be 
separated, and the law surfaces taken care of by one of the methods 
previously mentioned The doisal oi the palmar surface or both may 
be thus covei ed with whgle thickness skin with its subcutaneous tissue, 
and by this means a functional!)'' useful hand may be developed from 
^\hat was previously a painful clau 

TREATiMENT FOR WEBBED TOES 

It IS seldom necessaiy to opeiate for relief from webbed toes, as this 
deformity, if incomplete, causes little if any disturbance of growth or 
function However, if theie is complete fusion of the terminal pha- 
langes of toes of unequal length, such as the second and thud, it is 
essential that these toes be separated sufficiently to allow unhindeied 
indnadual growth If this is not done early, the added deformity due 
to unequal growth will cause the longer toe to assume somewhat the 
position of a hammer toe, and in time considerable loss of function u ill 
follow, there will also be difficulty in getting a comfoi table shoe When 
such fusion exists, the terminal phalanges should be separated in the 
midline as soon as the unequal growth becomes evident, and the lau 
surfaces should be giafted with a whole thickness skin graft This 
piocedure is usually sufficient to control the situation, and we have 
never felt it necessary to separate the toes complete!) and attempt the 
foimation of a new commissure on the normal level 

COMMENTS 

As in any othei plastic opeiation, tension must be avoided, and it 
IS better to graft a raw sui face than to attempt to suture edges of skin 
or flaps under tension B) the propei use of skin grafts, harmful 
tension may be absolutely eliminated Primary healing is essential, as 
excessive scar formation may cause secondaiy deformity We prefer 
giafts of whole thickness skin to any other type when dealing with raw 
sui faces in cases of syndactylism, as the ultimate results ai e much more 
satisfactory than wdien thin Ollier-Thieisch grafts or half thickness 
grafts are used It is pooi judgment to use the smaller t)pes of grafts 
foi covei mg raw sui faces in these cases as the scai tissue subsequently 
formed wall cause contractuie 
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In ceitain conij^licalcd l.iscs, ])Ofluncul.itc(l fl.i])s fioin distant ])arts 
ma) be used to siipph skin foi the tominissnrc and .ilso ff)r closiii}; r.us 
sin faces These flajis should otdtnanh he jircpaied in adi.iiKt hj one 
of the methods of delaied ti.insfei, aithonj^h occasionaili a j^auntlct (lap 
may he foimed and used immedi.itch d'he oiici.ition of Didot, which 
looks so feasible in <i diagram, .md which is so ftccjncntli selected h) 
the uninitiated, can seldom he iitili/cd sncccssfulh when the fusion is 
close, as the skin is almost alwa\s too scant to .dlow the fl.ips to he 
sutined without coiisidciahlc tension It is jiossihlc that some of the 
cases of gangiene of the teinunal jih.il.mgcs that li.uc been rcjioitcd niai 
he due to too much tension in the closing of these Ikips r.ither th.ui to 
an ahnoimal arrangement of the blood suiipK 

When se\ei,il lingers aie fused, it is adiis.ihlc to scjiaiate onh two 
of them on the same h.ind ,it inu time, as tin .iinount of skin .nailable 
IS usualh scant}, and if iiioie th.ui two .ire done the eircul.itioii of .ill 
ma} he jeop.irdi/ed 

When closeh fused hiigeis .ue seii.ii.ited, g.ingrciie of the (laps and 
even of the terminal iihal.ingcs of one oi both fuigeis occ.ision.ilh occurs 
Unless the undcihing tissues .ire dnided ex.icth in the midline, iinjior- 
tant vessels which noiiiially .idequ.itcl} supjih both lingers m.i} he cut, 
and when the (laps .11 e sutured. possihK under tension the remaining 
blood supiil} IS msufllcient to nourish the p.iit Occ.isionall} the blood 
supply of fused fingers is congenit.ill} .ihnorm.il, .md while it is sufiieieiit 
to nourish both fingers when together alter scjiaration t.ikes plaee it 
may fail to take care of either one or both 

Fused phalangeal hones should he scp.ir.ited with a thin hladed 
osteotome, and the sejiaiation should he .is e\en .is jiossihle in Older to 
preseive the symmetn of the (Ingeis When ehisehng is neeessai}, it 
is seldom if ever possible to make a skin closuie In suture, so that 
skin must he grafted ovei the i.nv surface of the hone There is 
often a tendency foi the teimmal ])halanges that have been fused and 
separated, to tilt sometimes tow^ard the noiinal side and sometimes 
toward the grafted or sutuied side The tilting of the terminal phalanx 
tow'ard the noimal side is piohahly caused by changes in the shape of 
the joint due to hindiance to piopei development and to the w^eakness 
or lack of lateral joint ligaments The scai contracture of the sutured 
01 grafted side is often unable to overcome this tilting The tilting 
toward the sutuied or grafted side of finger can he easily accounted foi 
by seal contractuie, hut in some cases hindered development and joint 
change are also piesent 

Massage and passive motion, with pioper splinting, may overcome 
this tilting in time If it cannot be coi rected by these simple means and 
the deformity is objectionable, some opeiative piocedure such as the 
excision of the conti acted scai followed by giafting 01 the use of a 
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flajj may be helpful Should this he unsuccessful, osteotom} or the 
relaxation of the lateral joint ligaments may be indicated 

SUM MARY 

Webbing of the fingers or toes either may he a congenital develop- 
mental defect or may he acquired In the congenital type, there may or 
ma3 not he a famil}" history of similar malformations The acquired 
t}pe usually follows severe trauma or burns 

The fusion varies in degree from a slight lengthening of the normal 
web to complete coherence of the digits Many operative procedures 
have been devised for the cure of syndactylism, hut no single operation 
can he used successfully for all degrees of webbing 

In congenital cases, we have found that we can eliminate consider- 
able deformity by the earl} separation of completely fused fingers of 
unequal length far enough back to allow unhindered individual digital 
growth , this IS difficult to correct subsequently The separation should 
he made as soon as the inequality of growth becomes apparent, how- 
ever young the child may he, and skin should he grafted over the raw 
surfaces 

'\\’’e have also found it advisable not to separate the fingers completel} 
and reconstiuct the new commissure until the child is at least 6 years 
old, as the work will have to be repeated in the majorit} of cases if 
It IS done too early 

The key to final success in both the congenital and the acquired 
types of deformity is the formation of a satisfactory commissure, and 
this may best be accomplished by the use of either flaps or whole thick- 
ness grafts, depending on conditions 

1 he skin should be sutured over the raw surfaces left after separation 
of the fingers, if it is sufficiently lax to be closed without undue tension, 
otherwise a graft of whole thickness skin should be used We feel that 
the use of whole thickness grafts for covering the raw surfaces and 
also for forming the commissure, is the method of choice in man} 
instances, as by this procedure the problem of complicated flaps and 
undue tension can be avoided 
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A HISTOLOGIC SllDY OI in\LI\G U I III I'U \C1 K M SIMTICMIONs 
, 11 1 inuoLs HI \i i\G 

SIIMTLCK W l!\Rl\\i:iI M 1) T 

Midi 

Rational inanat^dncnl of smttK.il woniuK (Icni.nuK that the sun,'eon 
possess accui.ite Knowledtje ol the pioecsses ot lepan in tissues in 
human lieinsjs 'J he knouledL'e of he.dinq: of wounds in luinian heinq:s 
IS chawn laitjeh In analo'j;\ liom the ohser\ations ol wounds in labnra- 
toi} animals Since the pioccsses ohsened m wounds in human hem^s 
difier from those ohsened m tissues of .inim.ils, it is neeess.m to 
ie\iew the jiioeess of healmef as found m the foimei 

In the fust stiuh it w.is ohserxed that theie aie two distinct Ujies 
of healing jiioeesscs, an einthehal .uul .i fihioiis ])ioeess Lpithehal 
healing has been deseiibed '1 his papei deals with the fibrous t\pe 
which IS common to the deimis, fat fascia and imisele '1 he oh'-erxa- 
tions and eonehisions made aie of diieit elnneal x.ihie 

siL.n\ 01 ci I n I \u Mieiiwics is i iiiuoi s himisg 

The matciial foi this woik consists of complete, ti.msxeise sections 
of surgical wounds m human beings both clean and infected in all 
stages of healing ]£ight\-nme wounds from one ela\ to nine xears 
old, w'cic studied 

Both the htciatuie and the histologic obsenations on the healing 
of w^ounds aie piactically mteich.mgc.ible with the hteiatuic and obsei- 
vations on inflammation In both jnocesscs the most stiikmg histologic 
picture IS caused, not bx fibi oblasts, as thex aie oidmaiilx knoxxn but 
by so-called exudate cells xvhich appeal m the tissues Both piocesscs 
result m terminal fibrosis Man) xxiitcis assign the function of phago- 
cytosis of tissue debris to the exudate cells Onlx a fexx suggest that 
the exudate cells help to foim the nexxl) deposited fibious tissue The 
origin, function and destination of the exudate cells foim the basis 
and inajoi pait of the hteiatiue on the healing of xxounds These 
cells have many difleient names and dcsciiptions Clasmatoex tes, 
macrophages, polyblasts, histiocytes and endothelial leukocxtes aie but 
a few of the names I shall call them maciophages 

^ Submitted for publication, May 29, 1929 

* Abridgment of thesis submitted to the Faculty of the Graduate School of the 
University of Minnesota, in partial fulfilment of the lequirements for tlie Degree 
of Doctor of Philosophy in Surgeiy 

f Fellow m Surgery, the Ma>o Foundation, Rochester, Minn 
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Theie aie thiee schools of opinion concerning the souice of exudate 
cells Pei haps the opinion most widely accepted in this country is 
that of Malloiy and his co-woikeis, that macrophages are derived from 
the endothelium of the vasculai tiee and organs A second opinion 
IS that the exudate cells aiise eithei b\ division or by “dedifferentiation ’ 
of tissue cells which become “embryonic fibi oblasts” A third concep- 
tion was mauguiated by Cohnheim, who believed that the exudate cells 
wei e leukocytes Maximow ^ and his co-workers - have kept alive this 
idea, and they and other investigatois by means of tissue cultures of 
adult lymphoc3tes and mononucleated leukocytes, have recently sub- 
stantiated this view Theie is no doubt now that lymphocytes, m 
vitio, will develop lapidly into typical macrophages, and even into 
t) pical fibi oblasts uhich diffei in no way from the macrophages and 
fibi oblasts cultuied from fibrous tissue’ Such cultures of blood cells 
lecentl}' have been observed to produce fibrous material resembling 
collagen in ever} lespect"* 

Although 01 game m natuie, collagen fibeis are appaiently inanimate 
stiuctures No one has actually observed the formation of a collagen 
fiber m the body Hence theie aie numerous opinions as to their 
method of formation, of which the three most important are fl) that 
they are foimed intracellularly by fibroblasts and cast out, ( 2 ) that 
the}'- are foimed m the ectoplasm of fibroblasts and cast off and 
( 3 ) that they are formed extracellularly Whatever their source, from 
the surgical standpoint (the production of permanent tissue union) 
the fibeis aie the most impoitant pait of the process of healing The} 
provide for the union of seveied tissues They allow resumption of 
function in skin, fascia and muscle, and even in bone They produce 

1 Maximow, A A Development of Non-Granular Leukoevtes CLwiiphocites 
and Monoc 3 des) into Polyblasts (Macrophasjes) and Fibroblasts m Vitro, Proc 
Soc Exper Biol & Med 24 570, 1927 

2 Bloom, William Transformation of Lymphoc 3 'tes of Thoracic Duct into 

Polyblasts (Macrophages) in Tissue Culture, Proc Soc Exper Eiol <S. Med 
24 567, 1927 Carrel, Alexis Growth-Promoting Function of Leucocites, J 
Exper Med 36 385 1922 \ 

3 Carrel, Alexis Tissue Culture and Cell Ph 3 Siolog 3 , Ph 3 Siol Re\ 4 1, 
1924 Carrel, Alexis and Ebeling, A H Pure Cultures of Large klononuclear 
Leucoc 3 'tes, J Exper Med 36 365, 1922 Foot, N C The Endothelial Phago- 
c\te A Critical Review, Anat Rec 30 15, 1925 Maximoff, A De I’action 
stimulante de I’extrait de moelle osseuse sur la croissance et 1 evolution des cellules 
dans les cultures de tissu fimpboide, Compt rend Soc de biol 80 225 1917 
Maximow, A The Cultivation of Connective Tissue of Adult Mammals m Vitro, 
Arch Russ d’anat d'hist et dembr 3 ol 1 105 1916 

4 Ebeling A H , and Fischer, A klixed Cultures of Pure Strains of Fibro- 
blasts and Epithelial Cells, T Exper Med 36 285 1922 Maximow Alexander 
Development of Argerophile and Collagenous Fibers in Tissue Cultures Proc 
Soc Exper Biol S. Med 25 439 1928 
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the aI)noi m.ililics ol wounds \\h.itc\i.i cells, if ,nu, ate tcf|uncd to 
])iodnce them ate snhsci \ leiit to tlicni and ate ])nin.u\ onh in tlic 
oidci of time 

Some wnteis I 1 a^e endowed the (iliet** <if mnamm.iton oi liealim^ 
tissue with the ,ii)iiit\ to mo\t indepe ndeiitie .md to rliieet then motion 
In wounds m human iKinits the i.ipidite with which a mass of disar- 
iani;ed newh foimed fiheis hceomes aimed and otitam/ed into a tissue 
mi"ht be leej.iided .is snlist.mti.ititii: e\i<leiiei lor such .i eoneeption 
'Jhete IS no eMdeiiee m wounds m hnm.ni lnim,'s howeeei th.it sneli 
jioweis exist 111 the eoll.ii^en libets *jt eUiinis oi i.istM 

It is eommonh belieeed lh.it lihi old.isis pudliiee the lu.ihtii,' filiroiis 
inaten.il onh .iftei the m le tojih.iut s Ii.im eh.ired .iw.n tissue deiins 
.iiid tints h.i\e ptep.iud the In Id t«*i the cells pi(siin m the region 
to bntlel new tissue 1 he ‘'lie ee eehint ohsi i \ .itions of woniids m hniiian 
hennas show ih.it (1) there is no lu.dinu' oiitetiowth ot lihtohl.ists oi 
fibeis tiom the t.isei.i oi diinits (2) the he. limit eie.itiix is lornied 
h\ the cMid.ite eelh, oi the m.ie rt»ph.iut s , (^) t.it, mstc.id oi heiint 
.1 tissue meil in oi mimie.il to tin lu.dm” pioeess, is ot nie.it inipoitaiice 
in the lilt the i.inee ot he.ilnnt die <li te t mm.ition ot the healniii 

lihtosis IS diieeth rel.iled to plusie.il foiees .md the blood hniplio- 
e\te .qip.ii enth is the line he. limit <-<11 .letmit -is both m.ietopb.ii;e and 
fibiobl.isl \11 of these obse i e.itioiis aie of ehineil sutmtie.ince 

IlmUiuj (if lilt /b inns -- 1 hioni;honl the stnd\ of the eiitht\-nnie 
wounds 111 the senes eeit.im le.ituies otenned fie(|nenth eiionitli to 
jnstife iteiiei.il si.ueiiunts 1 he cut ends ot the deiniis teni.ini inert 
In wounds th.it .iie tioiii one to tlnite d.i\s old leit.ndless of the 
deitree of he.ilmit the cut m.iiitiiis ot the deiniis st.md out .is distniet 
lines Xowheie is theie eeideiiee of .ni\ le lelioii of itiowtli ni the 
deiinis itself '1 he lesident tissue cells .nt not m.issed in itieatci than 
iioimal numbers ne.ii the m.intin of the wound, those tli.it .iie present 
aie not immcidei .iteh enl. lifted oi dediiteienti.ited .iiid mitosis oi other 
evidences of eellnl.ii piohfei.itioii .iie extiemeh uneoninion 1 he 
exposed fibeis do not eli.inite eithei in foim oi in mimbet I he onh 
definite ic.ietion .qipearnnt in the deiniis itself is ,i shi,dit inerease ni 
the so-ealled loiiiid eell infilli .ition in the mteistiees .ibout sweat glands 
and small ^essels. \et the del mis is united i.ipidh be the foiination 
of newv fibious tissue between its eut mat gins Although ni oldei 
wmnnds this mtei posed, nniting, fibions tissue is mtmiatelv connectec 
wnth the maigins of the old deiniis m the e.iihei stages of its foimation 
theie IS no aiiangenient of its eclls oi fibeis to indicate its ongni 
from the edges of the deiinis Fiom these facts it must he coiichicee 
that the cells and fiheis of the deimis do not t.iKc a jiait in the pio 
dnction of the healing eicati ix, and th.it the new^ seal tissue mus 
therefoie develop fioiii cells not noi malic' iiiesent m the deimis (fig 
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The new healing tissue between the edges of the dermis lies in 
the fat between, or immediate!} subjacent to, these edges In wounds 
fioin four to thiity days old, this new tissue may be duided into 
thiee zones (1) a cellular zone composed of macrophages, (2) an 
acellular zone of new fibers, and (3) a transitional or fibrocellular zone 
These zones blend one with another The cellular zone lies at the 
peripheiy of the cicatricial tissue and infiltrates the sunounding fat 



Fig 1 — Dermal ends and fat in a wound four da^s old, in a human being 
There are visible, distinct ends of old dermis, and ne\\ fibers between dermal 
ends The relation of cellular infiltration to fat and the general direction of new 
fibers m new tissue betw'een dermal ends are seen, X 18 

The fibrous zone lies more directly m the plane of the preformed dermis 
The fibrocellular zone provides the transition between the cells and 
the fibrous material which is practicall}' free of cells The entire process 
takes place m the subcutaneous fat There was not an\ ewdence in 
an\ \vound of the formation of new fibrous tissue without a cor- 
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icsponding ni.ieu)])h.i'<K ic.ution in tin sm i ouiuImilj I. it In .i few 

W'ounds th.il did not show le.ution in tlu l.it tlicii w.is .ihsolutcl} 
no cvidcnee ot Iihious he.ilini^ 1 Ins is .ni imiioit.int ohst nation, loi 
fat as .1 tissue is ijtnei.ilK coiisukicd to (.ontiihntc notlnnit to. oi 
c\cn to be innnie.il to tin jiroiess of lihions tissni union flit,' 2) 
In these wounds ni luini.in htnit,'s m,w hhtons in.itin.il is foiiiifl 
much inoie intnn.itch ul.ittd to tlu noiin.ilh noincsident iMidate cells 
(ni,ieio])h.ie[es) wlmh inlilti.ite tin* tat th.in to tin nils oi liheis of the 
])iefoiined Innetioinnir, hhtons diiinis Snut ividiiui is not found 



Fig 2 — Tilt lic.iliiig of tilt dtiinis iii .i wound stitnlttn di\s fild m .i Iniin m 
being T licit is no tiidtntt of oulgiowtli of tissnt from dtrin.il tnds 1 lit tcllnl ir 
(iiiacropliagic) 7 ont in f.il iiid tlit fihiottlliilar .ind fibrous /outs with dirctt 
transitions, are seen , X 75 

which points to inei eased aetivit} of the noim.ilh lesident filn olilasts, 
it must be concluded that, if the hbeis aie foimcd h} cells they aie 
foimed by tbe maciophages w'lth wdiieb they aie so intimately i elated 
The three zones of the piocess the eellulai oi matiophagie the fibio- 
cellulai and the fibrous zones in a given wmiind may theiefoie be 
consideied as sequential stages of the piocess of jiioduction of fibeis 
As all thiee stages aie found in any healing w'ound wdiich is fiom 
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four to thiity days old, it must be concluded that the age of the wound 
alone does not deteimine the histologic pictuie of the wound 

Healing of the Fascia — The same featuies are observed between 
healing fascial margins The fascia does not piesent indication of 
lapid dedififei entiation, of multiplication, oi of giowth oi movement 
of its cells 01 fibeis into the wound from its cut maigins Scai tissue, 
howevei, forms between the seveied fascial stiuctuies Heie again it 
must be concluded that the cells and fibeis of the fascial structuies 
do not take an active part in the foimation of the healing cicatrix 
As in the dermis, so in the fascia, the only visible leaction of healing 
IS found in the fatty tissue interposed between the fascial maigins oi 
adjacent to them Likewise, there are three zones of the healing tissue 
the cellulai zone, the fibrous zone and the tiansitional fibrocellulai 
zone Also, as in the dermis, the inaciophagic zone mfiltiates the fat, 
wheieas the site of the most advanced fibrosis is in the fascial plane 
Remnants of fat cells within the fibiocellular and fibrous zones, in 
both the planes of dermis and those of fascia, indicate that the entire 
healing piocess takes place in fat To some extent, injuied muscle 
may be the site of the healing process of fascia When this happens, 
howevei, the muscle fibers atrophy and the stioina of the muscle 
takes on the appearance of fatty tissue The macrophages then infiltrate 
the spaces in the stioma of the muscle which assumes the appearance 
of mfiltiated fat In much of the injuied muscle theie is gioss and 
micioscopic evidence either of a transition to fat oi of a deposition of 
fat in the stroma (fig 3) 

The Oi gamzatioii of the Healing Fiheis — The earliest fibeis of 
seal tissue are found in the transitional, fibrocellular zone of the healing 
piocess Heie the fillers are nevei veiy long, aie often thin and 
wavy and do not show evidence of organization into bundles The} 
are not adheient one to the other, nor are then axes paiallel Such 
seal tissue is patently unable to function piojierly as a uniting substance 
capable of withstanding the stresses and stiains put on dermis and 
fascia in dailv life To be a functioning tissue this new fibious mateiial 
must lie oiganized Evidence of oiganization is found in the filiious 
zone of the process, wheie the cells have disappeared and the fibers 
aie agglutinated oi clumped into heavier, stiaightei bundles the axes 
of wdiich are moie oi less paiallel to each other and to the jilaiies of 
the fascial stiuctures m which they he 

A.S has been noted the most adA’anced transfoimation of the healing 
mateiial into fibrous tissue lies alwajs in the jilanes of the dermis 
and fascia This observation is of great inteiest Something other 
than the age of the w'ound and something related to such taseial jilanes 
must deteimine this mode of healing The cut ends of the jiietormed 
stiuctures do not determine it for in the case ol laseia the\ .ire more 
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often than not tinned h.iclv fioin llu Inn of the intision I)\ the pull 
of the sntines so that the} he entiuU out of the ejiiKial fasei.il pl.ine 
(fig 4) 4 he sole funetion of .ill lihioiis tissue in tlie hod\ is the 

lie.uing of stiess and sti.un Imsu.i aiul deiniis .iii oigani/ed t(j he.ii 
lineal ioiees in gi\en jil.nies I he siuniing of f.isti.i and dirniis results 
in the inainten.'inee of this lunition .it .uul .itioss the Iur of the meision 
Natui.ilh. stiesses will he ti.insnmted thiougli the lu.ihng in, iteii.il in 
the genei.d pi, me ol the t.isei.d stiuetiue 1 he oeiuiicnei ot the most 
aeh.mced ‘-t.ige of fihioiis dipttsu and oi g.mi/.ition m the pl.mes of the 
deiinis ,md f.isii.i. iheiiloie, e.m he lelatid to the lunetioiis of these 



Fig 3 — The liealiiig of f.isci.i m .i wouiul elceeii (l.i\s old 'tiieie is no c\idente 
of outgrowth of tissue from the f isei.vl end the eellul.ir (nuicroph.'igie and hni- 
phocytic) infiltration in fat ,it tlie f.isci.il end and dilated e.ipill.iries bordering the 
infiltration are seen, X 170 

structuies and to the tiansmission of lineai stiesses aeioss the line 
of incision in the geneial planes of these struetuies 

The ahnement of the fibers anel then oigani/ation into a funetioning 
tissue structme I considei to lie the lesjionse of the new" seal tissue 
to linear foices The direction of the fiheis of muscle tendons and 
aponetiioses throughout the body, and of the tiaheculae in the bone, 
is but the normal expiession of such a i espouse The disappeai ance 
of the healing cells fits diiectly into the mechanical economy of the 
piocess, foi then j^resence would not add tensile strength to the new" 
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tissue, on the othei hand, it would tend to reduce tensile stiength by 
separation of the bundles of fibers 

The piinciple of the alinement of fibers along the lines of physical 
foices is pel haps best illustiated m both normal and legenerating 
bone, in which, as is well known, the ultimate directions of the tra- 
beculae aie diiectly dependent on the directions of the lines of force 
exeited thiough the bone In fact, the whole process of healing fibrosis 
may be compared to the repair of bone The bone itself, the functioning 
stiuctuie, does not giow out from the fractured ends The functioning 
stiuctuie, howe\er, is quickly united by a deposit of scar tissue cieated 
by cells and fibers which formerly did not take a part m the normal 
supportive function of the bone This fibrous mass is ossified and 



Fig 4 — The block from which bections were cut from a wound ten da^s old, in a 
human being Skin, fat, fascia, muscle and peritoneum are seen 1 he f iscial ends 
are forced awaj^ from the line of incision bj the tension of the sutures (actual si7e) 

gradually reorganized according to principles mathematically and archi- 
tectural!)" correct which relate to the sustaining of stress and strain 
Fibrous healing is identical except for the lack of ossification E\cn 
this was present in two of the abdominal wounds studied, although 
the wounds were not related to any bone or cartilage The comparison 
is still more marked in the light of Macklin’s " uoik on the repair 
of bone which, with recent obseiiations on tissue culture, imphcdtcs 
macrophages as the souice of the primary fibrous callus in the repair 
of bone 

5 kfackhii, C C The De\eIopment and runction of Macrophages m the 
Repair of Experimental Bone-Wounds in Rats Vitalle Stained with Tr\ pan-Blue, 
Carnegie Institute Contributions to Embr\olog\ 9 i 1920 
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Til the 1 CO) i,Mni/.ition of ossified ni.iUn.iI itrl.iin cells .ippc.ir to 
clestun 01 to liuild hone aceoidiiit^ to hues of Iokc th.it c.in he jiio- 
jeeted thioii',di the suhst.uuc I he .dincinciit of the usnltini^ ti.iheeiil.ie 
IS theiefore dependent on the .letnitics of cells It is ))ossil)le ih.it 
iTbi oblasts oi in.icioph.nfes in.i\. h\ .i usponse to linen foues piojectcd 
thioiii,di new seal tissue, nio\i thionirli it in such .i in.iniui th.it thc\ 
aif":lntinatt .ind .ilinc the liheis m the dilution of the stussis which 
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Fig 5 — Filicis <111(1 ni.itiopli.igcs m fat of .i woiiiicl, ten cl.ics old. m i luun.m 
being The relation of new fibers to iii.ieroiib.iges is e\Kknt LMiii)boe% tes 
macrophages and intermediate foinis are jiresent X d'iO 

the new tissue beais The leinaiKahle dis.ippe.ii anee of the hbei- 
fonning eells eoncoinitant wnth the ai^peaianee and oi gani/.ition ot new' 
fibious tissue, how'ecei, cannot be assigned eoinplcteh to an emis^iation 
of the cells 

The Ougin of the Tlcaliiuj Fibtosis — T^cw-]to\vei mitioscopic fields 
show the appaient tiansition of masses of maeiophages into oii’ani/ecl 
connective tissue containing few' cells bligh-jiow'ei fields leveal the 
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diiect transition of both inti acellulai and extiacellulai cytoplasm of 
maciophages into fibeis (figs 5 and 6) In some cases this tiansition 
appeals to be the result of a sti earning out of the cytoplasm behind 
a moving cell As the maciophages appear to foim the new fibers, 
and as the cells normally resident in the connective tissue appeal to 
take no pait in the pioduction of the healing tissue, one may well 
question What is a fibroblast^ In wounds m human beings it is 
evident that the maciophage is the tiue fibi oblast New fibeis aie 



Fig 6 — Fibers and macrophages in fat of a wound ten da^s old in a Iniman 
being Some fibers are related to cellular c\toplasm other fibers are not related 
to am cells or cytoplasm Fat has been replaced In cells and fibers Irinsitioiul 
forms between hmpboc^tes, on the one hand and nncropbages and fibroblasts on 
the other hand are seen X -150 

found chiefl} among maciophages and masses of macrojihagts are 
leplaced bv jnacticalh acellulai fibious tissue Definite indie.ition of 
the disintegiation of the maciophages is coneomitant with the apjie.irance 
of a laige number of fibeis among them New fibers are found as 
pait of the stuing-out cxtoplasm ol macrojihages .is partiall\ intra- 
cellulai .and paitialh extr.aeelliilai fibrils .and as totalh extraeellular 
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objects foimed fiom some m.iten.il piestMil m the mteiulhil.ir spates 
Oeeasionally new filieis of toll.iiten in.n lie* U.kkI dnettlx into liljcrs 
ol Ceit.iin it is tli.it .is lilnosis pio^iessis the ctlls {lis.ipj)t.ar, 

ehicfl) Iw disinteL,n.ition \ few of the m.Ki oph.ii^^es .ippt.ii to t.iKc 

on tlie c\tolo4K eh.u.Ktensties of ordin.in tissue libiohl.ists I'roin 
these obsenations it .ippt.iis tli.it the dttei niin.ition ol new fibimis 
tissue IS dependent on two l.ietois (1) the jne^iiue of .i eluniital 
subst.inee in the lie.iliiii' /one wlueli t.in be ili.in”id (luiekh into 

toll.ie;en fibeis, .nid (2) the ji.iss.mt of pliisu.il foiiis tliroiie,di the 
lie.ilniix ni.iteii.il 1 lie ni.ieiopli.ii,'( s .ijipt.n to pioeifk the neeessaiy 
elieniie.il basis loi the fibeis '1 lie niiteii.il is stt liu toi eo.ietiil.itioii 
into libiils ,ind the held is tut<l toi the nio'.t econoinie.il orij.ini/.ition 
ol the (ibiils b) me. Ills oi the i.ipid dismte^i.ition of the ni.ieropli.ii;es 
'I lie OiKiiii of till ]I(U I Df'luKfi \ Ol H oiiiitl I’lhi ohhists — In tlie'^e 
wounds in luini.in beini^s it is obeioiis ih.it m.iiiopli.ietes .ire not denied 
fioiii the libiohl.ists noim.ill} jiiesint in the ])retoriiud tissue If 

thei .lie endotheh.il eelK .is in.iiii he hi it them to bt tliii .ire unlike 
true endotheh.il eells wlueli line the lessels of the uttion 'I heir 
lesidence is f.it Xorni.illi iii f.it theie .ire no e'lll toiiiis iroin iiliieh 
sueh .1 lanj;e number of eelK nm,dit sjuiult in sueh .i shoit tunc, and 
there ate but i.iieli .uii evideiiees of the multiphe.ition ol cells 1 he 
exudate cells or iii.ieiophae;es nnisi be dun id fioiii cells wliieli come 
to the legion of the wound fioiii elseiiheie in the bodi \moiig the 
macrojihagcs ,iie niaiii eells ideiitie.il with limplioeites of the blood 
Mail! of the l.iigei in.ieroph.iges h.iie niielei .ilniost ideiitie.il with 
the small eomji.iet nuclei of 1\ inphoe\ tes ( lig 7) Indeed ti.insition.il 
foims between Ijmphocetes .uid ni.ieioph.iges ,ue e\er\whcie to be 
found L} miilioc} tes .ue found .ibundantK .is pei n.iseul.ii infiltiates 
about dilated ^elns and eaiiillaiies .uid within the \essels of the region 
m numbcis gic.itei th.ui noim.il d he hinphoexte is known to be a 
motile cell, and to be eap.ible of i.ijud giowth into inaci ophagie form 
m vitio It may be concluded then, that the 1\ mi)hoc\ te ol the blood 
IS the cell wdiieli oiigin.ilh nililtrates the f.it of the region of the 
wmund, and that the ni.ici oph.igc is deined fiom the hniphocvtc In 
a piocess of giow'th Thus the 1) iii]ihoe\ te becomes the leal fibi oblast 
in healing of the wound Such a fibioblastic idle foi the Ivniphocjte 
has long been accepted by the Fiench because of the constant oeciiiience 
of lymphocytes in chronic inflamm.itoiy conneetive tissue 

The Role of Fat iii the Pioie^'> of Hcoluiq — Fat is the place wdieie 
the healing piocess occuis, and l)unphocytes aie the luiinar} infiltiating 
cells, which by then giowdh become maciophages The infiltiating cells 
do not meiely push aside the fat cells as they enlaige to become macio- 
phages The fat cells aie leplaced by the giowmig eells, wdiich take 
on a greatly swollen and foamy appeal ance as the fat cells dimmish 
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in size Fal stains show that the infiltiating cells are packed with fat 
ft must he concluded, then, that the giowth of the infiltrating lympho- 
c}tes IS due diiectly to the ingestion of the fat in which they he 
The histologic pictuie of macrophages m fat has been described 
b\ many aiithoiities as indicative of a development of new fat cells, 
the macrojihages aie assumed to be young fat cells with their content 
of fat still in dioplet form In wounds m human beings, however, 
such a pictuie is the exact opposite of that of the geneiation of fat 



Fig- 7 — Fat with typical infiltration of macrophages and hmphoc 3 tes ni a 
W'ound seven days old, in a human being Ljunphoc) tes, macrophages and all 
intermediate transitional stages are present There is replacement of fat cells by 
the infiltrate, X 120 

It is the pictuie of replacement of fat This inteipietation is completely 
substantiated b}^ the histologic ijictuie of progressive hpod} strophy, in 
which disease the subcutaneous fat is completely replaced b> sclerotic 
fibious tissue, the histologic phases of the process are absolutely inter- 
changeable with those found in wounds of human beings 

It already has been noted that the healing fibrosis takes place m 
fat, now it appeals that fat is the food for the healing cells These 




8S IRCHIJ I s ()I S{ R(,/ R) 

conclusions die .it diiccl ^.lll,^uc uilli flic clinic. il iininc smon tli.it 
siiljcutdiicoiis f.it, ds .1 ti^'suc sc!\cs nnl\ .is iiii.n oid.ihle dcliris in 
suigicdl incisions Since the fin.il (ilnous in. iteii.il is Idigcl} deposited 
I)\ the disintegi.ition of tiie he.ihng cells, diid snice the he. ding cells 
Ine chien\ on l.it it in.n he fiiithci concluded th.it the snhciit.iiieoiis 
fdt senes .is the cheniic.il h.isis toi the he. ding lihiis \diposc tissue 
thcicfoie senes .is an eniergmcx footl depot foi hc.ding cells Such 
.1 conclusion is suhst.inti.itc d h\ the l.ict th.it l.it is the food of the 
cells of the einhico M.i\iinou " .ind C.iiicl ' hi\c shown th.it Iciniiho- 
c\tcs act .IS einhnonic cells Such .i conicption of l.it .is .i food 
de])ot foi emcigencc icp.iii ot tissiu* suggests an cxpl.m.ition for the 
widespic.id distnhution of f.it in the hod\ ]).it tic ul.u 1\ .dong I'lhroiis 
stiuctuies subject to ti.iuin.i, such as tin skui .iiid l.isci.d shc.iths 
l'att\ tissue IS not picscnt within the ccnti.d iienoiis s\stcin where 
tine fihioiis tissue docs not loiiu .iftii lujun 

7 hi Hiiiliiiii ot ! ill it\ a I twin — 1 he lu.ding piotcss which unites 
fdsci.i and deiinis t.iKes pi. ice in l.it In the In. ding ol l.it itself the 
inhltidting cells .ue scattcicd .dong the hue ot incision, estcndiiig 
latei.illx hetween l.it cells .md i.u lohulcs oi un.iding the l.it cells 
theinsehes I hen giowth into ni.ieiojih.igcs .uid the deposit ot libers 
I)} then disintegi.ition .ue .is desciihed foi lihioiis stiuctuies 1 he 
chief site of new lihious tissue in f.it is .dong the sin.dl lihious ti.ihecul.ie 
which couise thiough the l.it, this tact .ig.un unpicssts one with the 
1 elation hetween he. ding fihiosis ,uid structuies th.it ti.insuiit tension 
In old, long healed wounds no e\idence ol he.ding lihiosis m.i) he 
found in the f.it, indie. iting th.it .ihsoiption follows the jiioeess of 
libiosis when it t.ikes place in legions the function of which is not 
to bcai jieiin.inent stiess 

Hcaliiiq of Miisilc — Muscle is hc.ded 1)\ .in incie.isc ol in.ieioph.iges 
at the injuied .uea The muscle fiheis .itiojih} oi letiact fioin their 
connective tissue stioina 'J'he stioma becomes ji.ieKed with 1_\ mphocc tes, 
maciophages and mtei mediate foi ms .ill of which dis.ippeai as fibiosis 
occuis The fibious deposit unites the stioma of the muscle on one 
side of the incision to that on the othei side thus assuimg maintenance 
of the function of the muscles at the ])ait As the healing piocess 
is continuous thioughout the w^ouncl, it is not suipiismg th.it stiuctuies 
such as skin and muscle, oi fascia and muscle, which noim.alh .'uc 
sepal ated, may become adheicnt (fig 8) 

Healing of the Peiitoncum — The healing of the fibious portion 
of the peiitoneum is included in the desciiption of fascial healing 
No tiue, serosal, lining cell layei w'as obseived in any of the w'^ounds 


6 Maximow (footnote 3, fifth refeience) 

7 Carrel (footnote 2 second reference) 
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examined It ma\ ba\e been lost m tbe process of preparing tbe 
tissues An\ conception of tbe action of such cells is not permissible 
fiom this stud} 

Healing by Piuuai y and Sccondaiy Intention — The observ^ations 
gnen apph alike to ‘clean’’ and to intected wounds Am single 
wound ma\ be jiaith clean and parti} intected In wounds of human 



Fig 8 — Diagrammatic drawing of a wound ten da3s old Epithelium dipb into 
the wound o\er inert dermal ends Both dermal and fascial ends do not show 
increase m or outgrowth of cells There are three zones of healing in the same 
w'ound, fibrous in planes of fascia and dermis, cellular in fat, and fibrocellular 
between these zones iilacrophages ha\e infiltrated the muscle, and macrophages 
and fibers ha\e replaced fat There is no granulation tissue The dermis has 
healed across the lowest part of the dermal incision 

lieings, gianulation tissue is seldom found, even though there is eti- 
dence of infection m the field When present it is always on a surface 
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cithci siipci hciall} .i^ in .i siniis m IiniiiLr •> ''paci deip in the (issues 
E^cn in t\pit.il 1(1 <iniil.it ion (issue (he (\pes ot cells pit sent suhst.inti.ite 
the eoneeption th.it the I\inphoc\(i .iiid in,itto])h.ii;c .11 1 the he.ilin^ 
eclls (ii.iniil.ition tissue iiiiist hi iei,Mi(le(l ,is .1 e.isiul.u oiei^iouth 
into .111 01)111 spaie h\ nic.uis nt uliieh the ht.ihii” tells .ui hioui^Iit 
into the sp.iee .iiul 111 tin .ilistnei o| f.u supphtd with iiotii islinieiit 
fioin (he hlood until thci .ut piistut 111 surtiutnt iiiiniheis .uiii h.ni 
(le\elo])c(l suliitienth (o piodiitt tlu lihious ui.itiii.il wliitli will not 
oiih ohhtci.ite (he e.i\i(\ hut whiili will piofluii .1 sti t ss-i i sist.uit tissue 
111 the sp.KC It IS nuiel\ .1 \.istulu ph.isi nf tlu luiid.inuut.il t\pe 
ot he.ihiiej jiiotess ,uid is itl.ittd to initttioii onh htt.iust it is ni 
infeeted wounds th.it spates within tlu tissues most fii((iun(l\ dt\tlo|) 
<ind het.iuse sui l.iti wounds .iie un.uiahli tonl.imin.ittd I’lnn.in <ind 
se'coiid.in intention tluiifoie upitstiu hut two ph.ists oi one fiin- 
d.uiient.il he.ihnu; piotess and hc.iluu; is pnni.uih tlu sanii 111 both 
ele.ui <uid iiilettid wounds 

// oiiiKl IRhns and lln ‘ I.ah nl J'ltind al Ilialnn/ — 1 he ide.i 
th.it in<ieioph.i”;es do nioie th.ui simple .let .is sta\eni,'eis ot ‘tissui 
dehiis’’ is one not t,anei.ill\ .leeepted In i.iet the teini dthris has 
lieeii aiiphed to the noini.il e\ud.iti\t piodiuts ot inll.iiiim.ition and 
to noini.il f.it <is well .is to uijuteil 01 useless tissue In wounds 
in huni.ui heliums deereiiei.ited tissue is not loiind in .111 .inioiint suflieieiit 
to .'lee'ount foi the nunihei ot ni.ieioph.it;es th.it .ippe.ii It is suejite steel 
])} this f.iet .iiid h\ the p.irt pl.ieed h\ the “se.i\ enq:ei ’ ni.ieioph.itrc 
cells in jiioducini^ filnous deiiosit. (li.it the teiin dehiis is niipiopeil\ 
used in this eonneetion It <i])pe.us th.il the exiid.itne jirodnets 111 
the heahni^ of wounds ,uid wh.it injined tissue theie 111. i\ he ])ossess 
a diicet eontiihuton funetion in the he.ihnij pioeess .is food toi the 
healing eells and then .is eonstittients ot the liheis whieh .11 e deposited 
In othei woids, healing hegins ,i( onee .iiid theie is no peiiod of 
degeneiation 01 ol dediftei enti.ition ])ieeednig the jieiiod ot 
1 egeneration 

The Ptoecss of llcaliiui of JVoniids nr Rc kited to P mu Ron of 
Seveied 1 issue<; — Sinec \ 11 chow and the diseoven of mitosis the 
tendency has been to considei it hut logic.il that new' tissue must he 
derived dnectly fiom old tissue of the same hind The lapid deiivation 
of new tissue fiom deimis 01 fascia, how'evei , w'ould cieate gieat 
changes m those tissues thiough cellulai jnohfciation and mo^ements 
01 by so-called dedilleientiation of the tissue Such changes w'ould 
tend to separate the fibeis and theiebv to w'caken the tissue and jeojiai- 
dize the noimal funcfion of the stuietuie If that function is evei 
impoitant, it must be moie so when the eontimnty of the ])ait has 
been destroyed b) suigical incision Fuitheimoie in suigical w'ounds, 
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an added function falls on the immediate ends of the se^ered fibious 
stuictuies On tliem falls the stiain tiansmitted by the sutures when 
the wound is closed Inci eased cellulaiit} of such fascial ends ^^lth 
lesultant swelling of the fascia and consequent sepaiation of the fibeis 
would make the sutuimg of fascia oi dermis a piocedure of doubtful 
^alue, foi sutuies A\ould teai out easih Fascial suturing is hoAve^el 
the mam souice of stiength m the closuie of wounds To make this 
tiue, the stiength of the fascia in wounds of human beings is maintained 
b} minimal changes liom the noimal structure of the tissue 

Consideiing the necessit} foi the maintenance of noimal function 
of the pietoimed tissues it does not seem illogical, in spite of the 
belief inauguiated b} \ iichow, that new connective tissue should be 
deined m some mannei not necessitating changes m structuie of local 
tissues When the econoni} of the oiganism is consideied the 
maugui ation of healing fibiosis through the medium of infiltrating 
lymphocAtes, the giowth of the l3anphoc3hes by the ingestion of the 
local, nonsupportive fat and the deposit of the uniting fibrous material 
between the maigms of the suppoitmg tissues by the l3miphoc3tes 
seems a logical piocess 

The implication of lymphoc3tes m the deposit of fibious tissue 
suggests that, m cases m which the healing of wounds has been delayed 
without appaient cause some method ma3^ be found b3'’ which the 
fibioblastic potentialities of the l3mphoc3tes of the blood ma3 be 
stimulated 

Coutiols — As contiols for this woik, 101 experimental surgical 
incisions m animals weie studied As m the wounds in human beings 
the cells and fibeis of fascia and cleimis do not show evidences of 
proliferations oi movement into the wound From this point on, the 
observations m the animals do not coiiespond with those in the human 
material In the guinea-pig, labbit and dog, granulation tissue is 
responsible for by far the most common picture of healing even in 
apparentl3" clean wounds In swine as in human beings, granulation 
tissue IS raiely seen This diffeience is accounted for b3 the character 
of the subcutaneous tissues in the various subjects In the smaller 
animals, the subdeimic tissue is largely aieolar tissue, this is a potential 
space which, if edema is present, becomes filled with fluid In swine 
and in human beings this space is occupied b3 compact adipose tissue 
which can be dnectly ingested In macrophages hence granulation 
tissue IS not foimed 

In animals, the origin of the healing cells is not clear IMitosis 
IS common which suggests that the healing cells aie of local origin 
The form of these cells also more nearh resembles that of swollen 
tissue fibrolilasts Nevertheless tiansition forms from l3mphoc3tes 
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to sm.ill niticiophai^cs .ind liln ohla^'ts .iNo .iie pusciii and tin lari^cr 
cells contain in. un l.it-sl.innnt; i,dol)nKs Masses ot m.iciopli.itics such 
<is occin uni\ CM s.ilh in wounds ot luiin.in iKintts do not .ipptai in the 
annn.d tissues lieu is .1 distinct diflcKiicc he tween the histologic 
l)ictnic ol he.ihntt in .nnin.ds as loinp.iud to lu.ilnnt in hnni.in htinus 
rills dilleience cinph.isixes the t.ict th.it the conception of hc.ihnit in 
sniitic.il wounds ol hnin.in hein”s niiist he hiiilt up iioin ohsci c.itioiu 
on hnin.in tissues 

c I ! Me \l \l*lM le \ I io\s 

1 he concept ol hc.ihnit: in wounds th.it h.is heeii i\pl.nncd 111 the 
foicit:oinii: p.ii.i<,M.iphs Iniils diicet .ipphc.ition to stcti.il well cst.ihhshcd 
clinic. d t.icts ,ind suittic.d pioctdtiies .iiul throws dotiht on souie clinic. il 
iinpi cssmns 

J'al III Siiitidv — Ihcie is a p.n.ulo\ in the .ittitndc ot suiitcoiis 
tow.iid f.U <is .1 tissue lhc\ distiust suhe nt.mcoiis f.it hee.nuc ot its 
1)001 .ihihtc to usist ti.uini.i .ind its tcndcncc to hccoinc intcctcel .ind 
to intcifcic with the hc.ihntt of wonnels \t the s unc time suii,aons, 
.is .1 loiitinc nic.isuic ^ew onunt.il i.it o\ci intistni.il suture lines to 
''iippoit them .ind to .iid hc.ilini;. in sput oi the l.ict th.it such ])l.iccs 
lirescnt the ttu.itcst jiossihlc likelihood ot cont.iinin.ition .ind l.it the 
Ic.ist ])ossihlc suppoitne sticnqth 1 hcie is no dcinoiisti.ihle dincrcncc 
histologic. ill\ between the two t\pcs ot t.it .ind M.inn'' h.is sheiwn 
c\pci inicnt.illc th.it suhciit.incons t.it in.ic he snhstitntcd loi omental 
f.it 111 tcchnic.il ])ioee(hncs with .is jfood lesults .is thontth onicntal 
f.it weie used 

The obsci e.itioiis piescnted 111 this ]).ii)ci show dennitch th.it suh- 
ciit.incous f.it sei\cs ,is the pl.iec m which the he.ihm; ])iocess occin s 
and as the souicc of iioui ishmcnt toi the cells th.it t.ike p.iit 111 it 
On this twofold function of f.U is h.iscd the hc.ilmit ot p.iiiet.il inci- 
sions dliciem .ilso must he the \.iluc ol l.it ol .ni_\ soi t when ])l.iccd 
about intestinal sutuic lines 

The common o])mion th.it subcut. ineoiis I, it .lets .is .1 detciient to 
])io])ei hcahni^ must be ex])!. lined on some b.isis otbci than that the 
fat tissue Itself is the deteiient 

^lii Ex plaiialioii oj I he Eioad Siai ol a “K iiifc-liin ' Iini'^toii 
It IS common knowded^e that, .iftei oidni.ii\ nvci-.uid-o\ei sutuimg 
an epithelial scai , wdiich ten da\s aftci the incision is well healed and 
of the “knife-hnc” tejie m.a}' be .1 bio.id .ind iiiegulai seal ten months 
latei On the otbei hand, the w'ound that is closed WMth closeh placed 
mattiess sutuies so as to evcit both maigins of the skin may not look 

8 Mann, F C Tlie Tnnsplanlation of Fat in tlic Pcntone.il Cavite S Clm 
Nortl) America 1 1465, 1921 
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well l)efoie the stitches aie removed, yet ma}'^ be barely visible aftei 
ten months The studies lepoited heie show that the healing of skin 
occurs thiough the intei posed oi subjacent fatty tissue On transverse 
section, the incision m the skin is found to be a deep crevice in the 
del mis, the bottom of vhich is formed by new fibrous tissue in the 
fat The paits of the dermal margins that protiude above the bottom 
of the cievice will be lost to the function of the dermis, as the lines 
of foice excited acioss the line of incision through the general plane 
of the skin, vill pass beneath them Gradually, then, these upright 
deimal maigins disajjpeai, either b} being retracted laterall} into the 
geneial plane of i unction, oi b} being absorbed In either case, there 
IS flattening out and exposure of the lathei extensne scar epithelium 
which had dipped into the depths of the deimal wound, and learrange- 
ment of the epithelium about the incision line, which lesults m the 
ultimate scai on the sui face being a ivide scar instead of a narrow’^ line 

In w'ounds closed with eveited edges, the interdermic scar tissue 
IS also formed wuth the help ot the fat In this case the fat unites 
the appioximated undei surfaces of the dermal margins for some 
distance back from the actual dermal edges wnth a short length of 
new’' fibrous matter between the under surfaces When the sutures 
are lemoved, the tension m the suiiounding skin tends to pull the 
everted edges back into the general dermal j^lane The tension is trans- 
mitted thiough the intei posed seal, which acts as a fulcrum for the 
everted dermal ends, the lesult is that as the ends drop back into the 
dermal plane they aie constantly forced tow’-ard each other In this w’aj’ 
any resorption of piefoimed dermis that may take place w’lll not 
extend very far to either side of the incision The end-iesult is, 
according to both gross and microscopic appeal ance, a very nairow 
“knife-hne” scai 

Fat and the Mcchames of Closiiie of JVoiaids as Related to the 
Causes of Postopei ative Henna — By the described relation of physical 
forces to the foimation and oiganization of fibious tissue, the value 
of sutmes mav be explained on a basis w’hich w’lll permit a w’orking 
explanation of the cause of postopei ative hernia 

Sutures serve to unite severed fibrous structures so that they can 
continue their normal functions This fact alone requires that the 
function of the fascia must be maintained by the sutures at and across 
the line of the incision during the healing of w’ounds Sutures that 
fail, oi that are foimed or placed so that the stresses in the fascia 
or del mis cannot pass acioss the w’ound m a normal manner wall be 
the cause of abnormal healing 

From the observations presented, it ma} be assumed that the begin- 
ning of a postoperative henna occurs in a place where the contmuit} 
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of fibioii^ jitinctal stmt (nits is hioktn oi wfaktiittl I o catist tins 
condition siitiiics must ha\c l.nkd oi must Innt httn so plated that 
the funetioiicd sliessos of the p.iit ait* not t\tnl\ distiihuttd .itross 
the entne wound \s a itsult, at tlial point m the tlosuit wheie the 
noim.il fas'ti.d fuiietion is dimmishttl tht lutia-ahrloinmal louts extrttd 
])Ci pcndicul.il to tht p.uitt.il pi. me will i\tttd tlu ttnsion t\istmij m 
the he.ihnu: tissue httwten the f.isti.d maimiis I his m.i\ he iei>iesented 
di.'it,n,imm,itie.alh. the Itiiirth of the sm.illei huts lefuesiutmir the stiesses 
liansmittcfl to the l.isei.i .md .letoss tht l.ist.i,il mtision ht tlu sutuies 
\t point .1 ot lu,mte due to t.mlt\ sp.itmit '*1 tht sutuits, ttnsion 
does not pass aeioss tht hut ot the wound m iht f.isiial pl.me '1 his 
tact peimits fouts /{- I whith ,iu eveited h\ mti .i-,ihdomm.il pitssure 
<md whith .lit .it 1 itjht .mt;lts to tht t.isti.il pl.mt to t.iust st ji.u.ition 
of the tissues Snth foitts ,iu loimd m the mti.i-.ihrlomm.il tension 
If h\ t.uilte siitiii iiitf tlu .lu.i .dio\t ( -/) IS putktitrl oi lel.ixcd 



Fur 9 — Di.ifjr.im of i)Insitil I itlors duu miiiiiu; tlie lit.iliiur ol l.isci.i .md tlit 
form.ition of ])ostoi)tr<Tlnt lurma 

paiallel to the meision this will fuithei tend to we.ikeii the point .d 
and peimit ^reatei ])eneti,ition of .ihdommal ou^.ins into the wound 
The omentum oi anothei oij;an becomes mtei posed between the sui faces 
of the w^ound thioiu;h the action of the mti.i-.ibdommal piessuie on 
it If theie IS sufficient p.uietal tension .it;amsl the walls ot this 
oiganic plug, theie wull he .idhcsion of fascia to oig.in iMoeiding the 
oigan IS 111 one position long enough to peiinit a libious union to 
take place, and pioviding both wmiind c.aiit}’’ and oigan aie not eoieied 
with seiosal cells If fascia at A is slack because of a foice, C-D, 
then stress will not be tiansmitted at A and him adhesion wall not 
foim although the penetiatmg organ may be stationaiy The sui face 
of the pocket in the wound is tiansfoimed by maeiophages into a thin 
fibious membiane which becomes a thinned out and expansible con- 
tinuation of the fascial maigins of the W'^ound and foims the fibious 
coat of the resulting postopeiative hernia If this fascial extension 
IS not adheient to the penetiatmg visetis it becomes coveied wnth 
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seiosal peritoneal cells The pre\ention of postopeiatne hernia depends 
theiefoie, laigeh on the propei mechanics of the fascial closure 

The objection will he made that, if histologicalh , tat between 
fascia IS an aid to healing, why is it that clinicall}, it is a well established 
piactice to exclude omental tags and lumps of subcutaneous fat from 
between fascial margins when wounds are sutured in order to pre\ent 
postopeiatne henna? The answer is found in figure 9 It is cor- 
roboiated b\ the well knowui tendency of the omentum to form fibrous 
adhesions the fat itself is not mimical to healing fibrosis Lumps 
of tat are remoied from the suture line at the time of closing simpl} 
because of the difficulty of assuring proj^er spread of tension across 
the entire line of incision if anj interposed mass is present between 
the fascial margins The removal of the plnsical mass, therefore 
is the chief desideiatum in this surgical practice The properties of 
fat however make it particularly adiisable to remove masses of it 
fiom the field through which tension is transmitted It is of such 
a consistence that it maj change its shape and slide out from between 
the fascial margins, or become liquefied and dispersed leaving if 
the healing tissue has become fairh firm, an accentuation of the condi- 
tion at A m the diagiam, a small piece of moving mscus may insinuate 
Itself 111 the space that is formed A further confirmation of the fact 
that It IS the mass which the fat represents, and not the fat itself 
wffiich must be remoied from the line of fascial closure is found in 
the practice of oierlapping fascial membranes from which it is impos- 
sible to remove all the fat Healing m such cases takes place quickh 
and permanent!} Full-thickness skin grafts also proie, climcalh that 
fat as a tissue is not a hindrance to healing, and the} illustrate the 
importance of pressure or tension in the production of fibrous tissue 

The ClosKic of Wounds in Layeis — There is no doubt that the 
closing of wmunds according to their anatomic lajers procures excellent 
results From this work, the explanation of the benefits of this pro- 
cedure IS found in the resulting maintenance of the functional planes 
of the fibrous structures An explanation more common!} given is that 
by sewung fascia to fascia the cut ends are approximated whereb} the 
outgrowth of fibroblasts from them is minimal and direct, and that 
healing is thereb} accelerated In wmunds of human beings, howeier 
there is no histologic evidence that the cut ends pla} ain part m the 
production of healing Indeed the fascial ends are not on!} inert 
but the} actual!} are turned aw a} from each other b} the jiull of 
the sutures, as is readih obsenable during the closing of an} fascial 
la}er at operation Fibrous healing is the result of a “fill’ of new 
fibrous tissue between the seiered structures and not the product of an} 
healing outgrowth from these structures 
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1 /'.isct.t ,uul del nil'' do not fake am actnc p.ttt m (he hcahiit; of 
sui<;ical Mounds in human 1 )l‘uil;s 

2 hat is (he si((. and tin ha^is oi tin inoduilion ol new fibrous 
inatcnal in wounds ol luinian biinq;s 

5 M.iciophai^cs aic the tint libiobla'^ls oi wounds in huin. in btintjs 

-1 Xew libious si.u tissue is toniud at tlu evpense ot llu eells 

whieh jnoduee il 

^ (>nen the piopii ilnniKal niateiial m tin Inahiii^ /oiu the 
ph\sie.il foiees m that /one deltinitin tin i.ite of deposit ol fibrous 
inaleii.il and the oi eMm/*itioti ot tin iiluis into i tunetioniiiLr tissue 

6 Maeio])baites .ue deined ttoin hmpboietis ot tin blood uliieb 
deeelop laindle b\ the iu”estiou ot tat 

7 I he fund.iiiu utal beabnit pioetss is tin s.iine in both elean 
and infected wounds 

fs i he bistoloetie pietuic of libinus Inaliui^; in buniaii beintis is 
ililleienl lioin that in .uuni.ils 

1 he ineebanies ot elosuu ot wounds dctcnniue the appeai.inee 
ot the seat on the suifaee and (be oeeutitnee of postoper.itn e betnia 



SECOi\DARY OR LATE PERFORATION OF SMALL 
INTESTINE FROM TRAUMA ' 


WILLIAM DEPREZ INLOW, MD 

SHELB'V \ ILLE, I^D 

Not infieqiiently the suigeon is called on to take caie of the patient 
with abdominal injui} caused by blunt force Commensurate with its 
impoitance, this subject has been given much study, and there aie 
man} excellent ai tides dealing not only with ceitam phases of the sub- 
ject, such as lUjDtuie of the spleen or liver, but also taking up the ques- 
tion of abdominal tiauina as as whole DemeU has lecently presented 
such a leview In these vaiious contributions much is said about 
piimaiy luptuie oi peifoiation of the intestinal tract, but little is to 
be found concerning perfoiations that occur later when the patient is 
consideied out of danger I shall repoit two peisonal cases of such 
late pel f oration, supplementing them by illustiative cases fiom the 
liteiatuie, and fiom these data I shall endea\or to give a moie or less 
compiehensive discussion of the condition 

REPORT OF author’s CASES 

Case 1 — A farmer, aged 33, was admitted to the W S Major Hospital on 
May 22, 1926, at 2 a m , with a diagnosis of intestinal obstruction He had become 
ill suddenly about midnight two days before, when he was awakened bj severe 
pain across the midportion of the abdomen He drove several miles to a physician’s 
office, vomiting before arrival, two hypodermic injections of morphine were 
necessary to obtain relief The next day the pain and the vomiting persisted He 
had not had a bowel movement since the morning before the onset of the illness, 
cathartics being vomited, and an enema was unsuccessful He had had no fever 
For a year preceding, there had been an indefinite abdominal complaint at intervals 
as if he were going to have diarrhea He had, however, had no treatment and no 
operations Though poorly nourished, he did not appear seriously ill Results of 
the physical examination were normal, with the exception of the condition of the 
abdomen There was moderate tenderness just to the right of the umbilicus, but 
no definite ngiditj and no distention , the left lower quadrant w^as flat to percussion 
The blood pressure w'as 128 sjstohc and 78 diastolic, temperature, 988 F , pulse 
rate, 90, respiratory rate, 20 The urine w^as normal, the leukocjte count, 15,600 
Exploratory cehotomv through a right paramedian incision was performed at 
10 a m , on May 22, with the patient under ether anesthesia The peritoneal ca\ itc 
contained about 200 cc of free serous fluid, most abundant m the right upper 
quadrant A portion of the small intestine, at the lecel of the junction of jejunum 
and ileum presented, for about 10 inches (25 4 cm) it was dilated, red and con- 

Submitted for publication, Jan 25, 1930 
1 Demel, Rudolf Ueber die Anzeigestellung zum operatnen Eingriff bei 
stumpfen Bauchcerletzungen, Arch f khn Chir 135 542 1925 
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gcsttd, witii iN ]Kritont..il miiI.ik slif;litl\ f’l.i/td It Ii id llit apin irniicc ol .1 
loop of intc'-tmc str.inptil.itid lot 1 slioit tiim in 1 lurniil s.u Sr.irtli ol tlic 
entire .nbdonitn re\t.ikd notliinp fuitlier 1 lit ciri nl.itmii of the portion ol 
intestine nnohed ippe.nrtd iiit.ut ind the inttstiiu \i.ihU It u is tlurelon repl.nced 
.nnd the ihdonieii elosed without dr.iin ipt I lit t.iiise ol the inttstnnl p.itliolopie 
])rocess w.is ohsenre .ind no di ipnosis w is in idt 

P(>\lntu I ali'i r Cniit^t — I he teinperitiire rose to 101 1 on the seefind d.i\, hiit 

lironiiith returned to norm il ind remiintti so 1 In piiKe r.ite ni\er eveeeded 100 

.ind st.ieed .nroiind .'''() most ol the time \n eiiinii sitnred ptiod results I liree 
dies .liter food w.is ip.im pneii to the pilieiit he \oimtid I he .ihdonien hee line 

ni.irketlK distended .md tempimtu re lit 1 hemp ohtmieil h\ tile in. is IK hep.in 
to p.iss l.irpe Hind stools irttpitiilK si\ the filth di\ nmi the si\tii si\ the 

seventh .md five the eiphth d iv Ilitrt w.is no pioss hlinwl lie w is piven .1 
h(|md diet iroin the thini to the sixth <1 iv .mil .1 si. it diet .ifter tint On the 
ninth d iv he eompl.imeil ot ji.im in the ihtlumm not liH.ih/nl mtl ol severe piin 
III the himh ir repion I he ihdonitii hee ime mirkedlv disttiuled iiul tvmpimtic 
hilt there w.is mi vonntmp I lu pitieiit w.is relieved hv the use ol morphine He 
hid 1 pooel nipht s rest .mtl the next iiiornmp the tlisteiitioii h lel dis.ippe ired 
J here w.is .1 pootl howtl movement md he lelt ipnte well I lit next el iv he w.is 
out of hed m .1 wheel eh nr md h.id iio further eoinplimt he h.id two or three 
l.irpe tornied stools .i thv. md vv is disehirpttl ippireiitlv m pootl eoiidition filteeii 
divs .iitei the onset of his illness \t no time lollovvinp his oper.itioii did he 
show inv I) irtioiil.ir .ihdommil tenderness 

Xothmp further w is he.ird eoneerninp him lor two divs vvlieii he w is 
rc.idimtted to the hospit.il on June h .it 2 ji 111 He stited tint he Ind seireelv 
lett .ifter e.itinp Ins noon me il. when he hep in to hive .ihdomiinl p mi On .irriv.il 
.it home the p.ini hee.mie exceedmplv siveie mtl he vomited He c.illed Ins pliv- 
sici..n tvviee diirinp the nipht m tinier to reeeive morphine I’.nn md voniit'np 
eontinned .ill the next d.iv, .md there w.is no hovvel movement C.ith.irties md 
enein.is were t.ikeii without .iv iil He ste idilv hee. line worse, md returned to the 
hospitil He vv IS in i st.ite ol coll. ipse with prolnse svve itnip J he temper.iti re 
was 97 2 r . inilse r.ite, 106 respir.itorv r.ite, Ifi His .ihilomeii vv is mirkedlv 
distended and tense, thonph he eompkiined little ol teinlerness on pressure He 
was clear mentallv His temper itnre r.iindlv rose to 101 I', then to 102 I the 
pulse rate rose to 140 .ind the respir.itorv r.ite to sO He vomited feed matter, 
and died at 4 a ni on June 7 seventeen d.iv s .ifter hecommp ill 

At the time of Ins second entranee to the hospit.il, the follow nip .idditional 
historj'- was ohtamed Dnrinp the mornmp previous to the onset of his illness, while 
plowing, his plow -share struck a large lock and was thrown out of the furrow, 
and he was struck a brisk blow in the .ihdomen hv the handle He felt a little 
faint, hut soon recovered and iiaid no further attention to it He never men- 
tioned the occurrence to cither his f.imilv or his jiliv siciaii, thinking it insignificant 
and of no relationship to his illness Also, just previous to le.ivMiig the hospital on 
June 4, he had gorged himself on a large .imount of fresh str.iw'hcrncs which were 
smuggled into the institution hv' a relative 

At necrops}^ gas escaped when the peritoneum was incised The entire upper 
part of the abdomen from the level of the uinhihcus to the .irea ov'er the right 
lobe of the liver contained fecal material T he intestines of the upper and inid- 
portions of the abdomen were plastered together, the loops distended The right 
flank was closed off b}^ plastic adhesions, serous fluid being encountered when these 
were broken up A large amount of clirtv^ appeal mg exudate was in the pelvns In 
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the lower jejunum m the midhne just below' the stomach and the transverse colon 
w'ere two perforations on the antimesentenc border not over an inch apart, from 
wdnch fecal material exuded 

Examination of the involved portion of the intestine after removal (fig 1 and 2) 
show'ed on the peritoneal side the serous coat covered with plastic exudate, con- 
taining tw'O cleancut, punched-out, more or less circular perforations, a smaller 
lower and a larger upper one The surrounding tissue of the smaller one showed 
little change, that of the larger, a bluish-black discoloration extending almost 



Fig 1 (case 1) — Peritoneal surface of specimen 


one-half inch about the perforation, especiallj' at the lower border, at the upper 
border, the omentum was plastered to the intestine up to the perforation but not 
covering it On the mucosal surface, how'cver, the involvement was much more 
marked and extensive The low'er smaller perforation was the same sire as on 
the peritoneal surface Just above it w’as a much larger denuded area, a shallow' 
ulcer (partiallv covered in fig 2 b\ one of the lahulae connnentes) with a 
granulating base as if the mucosa had sloughed and the area was in process of 
healing The perforation m the mucosa at the upper site of the iinohement was 
larger than and not exactlj opposite the hole m the peritoneum to either side 
of It W'ere tw'o other smaller perforations while abo\e it separated b\ a \ahula 
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LoniiULii'', was a row of tiirn. otlici Miiilkr imiio'-.il (k rtor.ilioiis I Hl jcjtiiial 
niiico^.i was (Inis coiujilcttK ninitrmiind .uul sep.ti Utd trom (In otinr iiit(,s(uial 
coals in the whole au.i of (he sj\ ]n.riot.il!ons 

C\si 2 — Inn anctl 10 \tiis w is ,i(hiutti(l to tlu hosint.il rm M.i\ 10 lOid 
\n hoin and a half helori whili pi umu in till olT i ho\ i ir ami was striicK 
across tin upper portion ol (In alidonnii !li s nd tint In siriuK a nil an oliserier 
s.ud lint he struck a Iniinpir on tlu i ir lIi touiplaiinfl uninulnlih ot seien 
ahdoniinal inin and teiidirinss llowexti In nit mix miieh Inttir on idiiiissit»n 



Fig 2 (c.isc 1) — Mucosal sui f ice of sincinieii 


though he vomited shortly thereaftei lie lax on his right side with legs flc\ed 
His temperature xvas 98 F pulse rate 100, rcspiratorx r.ite lO Idood pressure, 
92 s 3 'stohc and 60 diastolic His general condition apjiearcd good His abdomen, 
however, was rigid all over, shghtlx more on the right, xxhere there was also 
dulness to percussion It was decided to obserxe him for an hour or txxo His 
condition rapidly improved, and operation w’as not performed Early the next 
morning, however, his temperature was 101 F pulse rate, 100, and respiratorx 
rate, 40 Vomiting recurred By midafternoon, his condition was alarming The 
temperature was normal , pulse rate, 140 , rcspiratorx rate, 40 blood pressure, 72 
systolic and 65 diastolic He appeared x^erx ill, and was irrational The left side 
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of the abdomen was now quite lax, the right, liowever, was rigid and slightly- 
distended witli a tender mass m the light upper quadrant and epigastrium The 
next morning the bo^ was better, and by June 2, four days after injury, the storm 
liad completely subsided, and he began to take nourishment He had spontaneous 
stools from the second da 3 ' on with no diarrhea He was discharged on June 6, 
with no complaints and apparentlj' in good condition 

On June 12 at 10 a m , he again was seen m consultation He had felt 
reasonabl}' well for three days after discharge, and was up and about and out of 
the house phjung His mother had permitted him to be very indiscreet m his 
diet, he had eaten of everything and m very large amounts On June 10, he had 
se%ere abdominal pain with marked distention and some vomiting His physician 
ga^e him morphine, enemas, and applied hot fomentations, and he improved How- 
e\er, severe pain m the region of the navel, abdominal distention and vomiting soon 
recurred On examination, his abdomen was found markedly distended and tense 
with muscular rigidit}' and acute tenderness just to the right of the navel His 
temperature was 100 F , pulse rate, 110 and respiratory rate, 24 He was at once 
returned to the hospital, but his condition rapidly became so critical that the idea 
of operative intervention was abandoned About 5 p m , he complained of severe 
abdominal pain, his pulse became verj'^ rapid and weak, respirations increased, 
c 3 'anosis and cold sweat appeared , he had an involuntary fluid stool, and vomited a 
large amount of browm fluid The w'hole abdomen was tensel 3 '^ rigid and flat on 
percussion Death occurred at 6 30 p m on June 12, thirteen da 3 's after injur 3 
NecropS 3 w’as not permitted 

RnPORT OF CASES FROM TRIE LITERATURE 

Case 3 (Targett -) — A man, aged 40, w'as crushed between a rail of a barge 
and a crane He vomited immediatelv after the accident On December 1 at 
8 a m , he was admitted to the hospital m a state of collapse There was con- 
siderable tenderness in the low'er iliac region and a hematoma m the abdominal 
wall He vomited frequently There w'as no hematuria The temperature w'as 101 F 
Opium pills were administered (“Pil opii gr j 6 tis horis ’) On December 2, 
vomiting continued, the vomitus consisting of brownish material There was no 
blood The abdomen was tender on palpation, but there w'ere no signs of distress 
The patient w'as not at all under the influence of opium On December 3, the 
patient w^as better Respiration w^as quiet, and the temperature was normal There 
W'as no pain, and less tenderness The next da 3 ’- the patient was better and cheerful 
He had had no sickness for thirt 3 '-six hours He passed flatus freel 3 The 
temperature was normal At 10 p m , vomiting came on suddenly No special 
pain was complained of, but sickness continued through the night On December 5, 
persistent vomiting of brownish material w'lth a fecal ( ■') odor continued The 
patient was ver 3 ' weak and faint Cold perspiration was noted The temperature 
was 98 4 F On December 6, he Avas m a state of se\ere collapse The pulse 
W'as imperceptible There was occasional sickness The vomitus w'as bright -lellow' 
There was a bow'el movement The temperature w'as 97 6 F A.t 8 p m , w hen 
death occurred the temperature Avas 99 4 F 

AutopS 3 shoAved acute suppuratiA'e peritonitis AVith a large quantit 3 of bright 
AelloAv fecal material m the abdominal caAit 3 ', and gas There AA'as a rupture in 
the small intestine 7^2 feet (230 5 cm) from the cecum, the boAAel being glued 


2 Targett, J H Peiforation of Intestine Four DaAs After Accident Tr 
Path Soc London 38 143, 1887 
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to the spine on the left side of the fonilh Inmliii \erlehr.i Se\l).il,i were found 
in the eeeuni and aseendini: eolon I here w.is no ir.ietnrt or injure to tlie otlier 
e iscera 

Cesi 4 (Ihewet ') — \ nun ined IS w is striul^ in tlu nndiiortion ol tlie 
abdomen In a falhnj' liale oi piper lie e\periineed unisiderahle p nn at first 
hill soon lecoeeied alter his admissiDH to the hospital lie presmted no eeirlence 
of shock 1 he pulse r.ite e.irieil hetwun t>0 to 70 and eeas ot j^ood (piahte shi;lil 
tenderness was eheited oeer the epipastru ind hepou.istru neions nul an apiireeiahlc 
degree of nuisenlar iigidite \o eoniitiiig oeuirred Ihere were no si^^ns ot tree 
llttid or uas in the peiitoiieal eieite \ dnuiiosis ot eisur.il injure eeas made 
and in immediate ojk! ition .idetsid Hits was mtlii'inntle leUned and the lutieiit 
insisted tint he felt perieetle eeell .md e* .is snllering oiile trom .i slight hriiise 
of the ahdomm il eeall During tlu tolloeeing night tlu pnii iiure.ised, .md the 
p.itieiit bee. line' restless md fieirish 1 lu tu\t morning he ippe.ired seruuisle ill 
The .ihdomen ee.is flistmded tiid tempimfu tlu luer dtiliiess ee is not eiitirele 
ohseiired leiiderness .nul rigidite eeere eureeeluit iirisiiit Ihere ee.is (1 itiies^ 
in both n.iiiks, eeliieh dis.ipjw irul on iliinginu tlu jiosition oi the pituiit 1 he 
white blood tells mnnheied ItiOOO 

Mthoiigh It ee.is leeogm-'ed tint tlu luitlook ee is thin eeell mgh hopeless ,it 
the jiatieiit s rtipust the ihdoiiun ee is ojuiud itlur iiusthesu being iisul \s 
soon as the luntoiie il e.ieite ee.as ojuiied i 1 irge iniomit oi g.is nul lotil-sitielhiig 
cloiide Hind eseii>ed eeliieh ee is loniul to he t mistiiie ol stropiis nul intestinal 
contents I he intestines m the lowir hilt of the ihdoiiun .nul peleis eeere injected 
and eoeered he .i rihrnunis esiulite \ l.irge iiertoritum ee is found in the lower 
third ot the ileiim, through eeliieh g.is md ui il nutter eeire eoiistintle escipnig 
Seeeral othei seeeiele hniised and eeehemotie .ire. is eeere loiiiut on e irioiis eoih 
of the small intestine I he niptnre ee.is niittul eeitli teeo roees of 1 einhert sutures 
the juntonenl cieite ee.is thoronghle irrig.ited and the eeoiind elosed eeitli two 
eigarel drams, one' le.iding to the peleis .nul one to the right (kink 1 he pitieiit 
reeeieed inliisions .nul he ee.is geiieroiisle stimnl.ited He did i\eeedingle eeell 
for more th.ni a eeeck 1 he teinper.itnre nul jnilse r.ite tell to noriini disteiitioii 
and rigidite dis.ijipe.ired hoeeel moeements oeeiirred .nul the ii.itunt took pleiite ot 
fluid food \hout the tenth dae, he heg.in to eomiikim of p.nii and signs ot a 
rajiidle spreading peritonitis beg in to deeelop Death oeeiirred teeo or three daes 
later 

Autojise shoeeed the origin.il perfor.ilion to he he.iled hut a seeond jierforatioii 
had occurred at the site of one of the eontiised ire is seen .it the time of operation 

Casl 5 (Eee, (pioted hj De.ieer ') — A hi.ikem.ni ee.is injured he falling beteeeeii 
the engine and car, his bode being e.uight beteeeeii the bumpers He eeas 
uneonscious for seeeial honrs When Di Eee s.iee him first, he eeas still suffering 
from shock, and compkniied of gie.it pain m the .ibdomen and back He liaci 
several vomiting spells, the eaniiitus being dark and ot an unpleasant odor, 
vomiting commencing three hours after injure Examination of the back and 
abdomen brought on attacks of n.uise.i, folloeecd be eoniitmg of dark, ofteiisiee, 
stercoraceous matter Examination of the hack .ifter the patient Iiecame quiet, 

3 Brewer, George Emerson Contusions of the Abdomen Associated evitli 
Visceral Injury, Illinois M J 48 70, 1925 

4 Deaver, John B The Semptoms, the Diagnosis and the Indications for 
Treatment of Acute Intra- Abdominal Injuries Without Externil Evidence o 
Violence, Railway Surg 3 97, 1896-1897 
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re\caled two large excoriations extending from the ninth dorsal -vertebra to the 
sacrum There were no excoriations or evidence of internal mjurv on the abdomen, 
although It was tvmpanitic and tender He had had no action ot the bowels tor 
five or SIX davs prior to the mjurv The temperature was 101 F , the pulse 
rate 130, respiration 28 Free evacuation of the bowels was followed bv decrease 
111 the pain the pulse became stronger the temperature fell to 100 F , and the 
abdomen became flaccid Examination of the abdomen at this time gave negative 
results The patient slowdv improved and bv the end of the fifth week was able 
to get out of bed and to walk about the room About the sixth week he complained 
of some cohckv pain in the abdomen, which w'as attributed to fermentation of 
food About the ninth w'eek he suddenlv had severe pain in the bowels, accom- 
panied bv an audible gurgling sound and a knotting of the intestines, which could 
be plamlv felt through the abdominal walls Some weeks later a tumescence 
developed in the hvpogastric region, extending to the left inguinal region and 
reaching as far back as the lumbar region There was no fluctuation On the 
following dav, an abscess broke, and a large quantitv of pus accompanied bv gas 
of a decidedly fecal odor was discharged The following dav fecal matter escaped 
through the opening An operation for relief from the fistula was performed 
but the patient rapidlv sank and died shortlj afterward 

Case 6 (Bunge — A man, aged 49, had been well except that for several vears 
he had had inguinal hernias wdiich were easilv kept reduced and held in place 
bv a truss While lifting a heav} mass to put it on his shoulder he felt a severe 
pain m the abdomen, which he localized to the right, but he was not sure The 
pam soon subsided sufficient!} for him to continue working and during the next 
thirty-six hours, as was confirmed b} his relatives, he felt quite well Urination 
and defecation were normal In the night renewed pam appeared, associated with 
v'omitmg Vomiting became more severe, first of blood (’) and at last of fecal 
matter About fiftv-four hours after the first attack of pain he was received at 
the clinic He was poorl} nourished, with a small but regular pulse (from 100 
to 110) The abdomen w'as not particularlv distended, but was quite tender 
throughout, the abdominal w'alls vv'ere hard as a board Both inguinal rings 
admitted the index finger, but no sac was felt on either side Palpation of the 
rings, especially the right, elicited marked tenderness There was dulness to per- 
cussion on the left, less on the right On the left could be seen a markedh distended 
intestinal loop B} rectum, one felt a sense of resistence m the culdesac pressure 
W'as ver} painful Operation w'as performed imniediateh An incision was made 
in the midline from the nav'cl downward Foul-smelling exudate immediatelv 
W'elled upw'ard The intestines w'ere partiallv plastered together bv fibrinous 
purulent exudate Palpation of the inguinal rings from the abdomen showed that 
both admitted the tip of the index finger There were no definite hernial sacs but 
merely slight outpouchings of the peritoneum Near the right internal ring was a 
coil of small intestine wdiich contained an opening about the size of a pea Sur- 
rounding the perforation, the intestine w'as colored bluish red as if infarcted The 
borders of the perforation vv'ere fairh smooth and granulating, and the mucou'' 
membrane was not prolapsed There existed, therefore, a defect which appeared 
as if It had arisen from the sloughing of a necrotic area The pertoration lav 
about 1 25 meters from the ileocecal junction opposite the mesenteric attachment 
It W'as closed bv a two laver running stitch the abdominal cavitv was washed 
out vv'ith phvsiologic solution of sodium chloride and gauze drainage was inserted 

5 Bunge Zur Pathogenese der subkutanen Darinrupturen Beitr z klin 
Chir 47 771 1905 
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Death occurred ten hours l.iter \t netinpse, IhskUs ilie difiuse peritonitis, there 
was an encapsul.ited suliphreiiie aliseess on the rigiit ! lu intestinal suture was 
intact 

( OM Ml M 

The foieooiiis^ e.ise tepoits fiom tiu litti.ilute h,i\c lueii added to 
nn own e.ises heeatist* llu\ tihistiate* ct t t.tm \aii.tUfiiis m the puttiie of 
sccondai} iiitesltnal jn t toiatnin . that of lait,'ett lepKMiits .m tath 
petfotalton font da\s altei injtii_\ . that of l^iewei. jHifoiatioii ot a 
eontitsed aiea attei teeo\it\ troin a pnm.it \ piifoiattoit eloscfl at 
opei.ition, th.U of lC\e, \et\ late pettotation weeks aftei ittjuie, with 
toimation ot abscess and lispila th.n oi Ihini^t, peiloi.ition lioin indi- 
leet tiaum.i 

Seeondan oi late perfoiation of tlie sni.ill intestine lunn ti.uiina 
IS laie Dcmel ' tepoiled no instance in his sind) of 126 eases of 
.ihdomm.il nijun, .md snnilaih. ll.ioen' none in his 104 eases 
Moiton.’ m Ills t.ihles of 231 eases oi ahdoinin.tl seelion toi ti.iuina. 
eited onh 1 tint 1 can place in this oionp' It would seem theietoic, 
that this eompheation pla\s hut i inmoi lole. .md that m eompaiison 
with eithei jinm.ire mtestm.il peitoiaiion oi mild mtestm.d eontiision 
without jiei foiaiion it is mfeiineiit 

PalhnqciK si \ — Injnn to the .ihdomen m.i\ he local oi oeiieiai 
Damat^e to the mtestme Itom sutli ti.mm.i h.is e:eneiall\ been dnided 
into tlnee foims (1) eonlnsion oi euishmti ( eei.tsemeiit. Zei([uetseh- 
im' 4 ) . (2) teaim <4 (deelimne. .niaelumenl. Mniss dmeh /nij) and 
(3) Innstme; fiom mete.ised ptessuie within the mtestm.d lumen 
(eelatement. Ikustmitfsiiiptme) 1 disetissed (his oeneial pioblem of 
intestinal mjm\ m <i jnenous piihhe.ition ' In this jnjiei onh eontu- 
sion oi cinshniq; is consideied, .end indeed, onh enishine,’' of such 
limited sexent) th.il piimaix peilot.ition ol the mtestme does not 
uecui Likewise, I .im ehiell} e'oneeined with loeal tiaum.i m eontia- 
distmetion to ^eneial, fot the kitten is often .ipt to he ninth inoic 
sexeie, and m these seveiei mjunes othei oiujans aie ^eneialh included, 
tiequentl}^ woth piofuse hemonh.iqe .md shock, so th.at intestinal con- 
tusion if it oeenis is onh a small pait of the ehnie.il and pathologic 
])ictme In local tiaum.i, howexei, mjmx m.u be easil} limited to the 
midpoition of the abdomen In the eases heie lepoiled, it lesnlted 
eithei fiom a diiect hlow\ oi fiom t, itching of the hoeh between tw'O 

6 Hagen W Leber ILuielntiletrungtii (Its rnedciis, Bcitr / klin Ciur 
51 529, 1906 

7 Morton, Thomah S K Abdominal Section foi 1 rauniatibiu w'lth Tables 
of Tw'o Hundred and 1 hirtv-Foui Casts J A M A 14 1 (Jan 4) 1890 

8 Bouill}' Bull ct mem hoc de elm , 1881, p 690 

9 Inlow, W D Abdominal Trauma w'lth Intestinal Injur}, J Indiana M 
38 237 (June 15) 1929 
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objects with compiession and ciushing Besides types of diiect injuiy, 
Bunge ' has shown that a like lesult can occur fioin indiiect injui} 
Bunge, in the discussion of his case (case 6), called attention to the 
fact that theie was a definite intermediate stage in which symptoms of 
a well defined peiitonitis weie absent following the injuiy He theie- 
foie leasoned that one of two things happened Theie might have 
occuiied a small piimaiy teai of the intestine, which was walled off h} 
adhesions, and a generalized peiitonitis occuiied secondaiily He con- 
sideied this explanation impiohahle Oi the intestine which was 
pressed into the inguinal iing at the moment of the inciease in intia- 
ahdominal piessure was severely injured, hut not brought to luptuie, 
and peifoiation occuiied later In supj3ort of this view, he cited both 
the clinical couise and the invohement in the intestine The perfoia- 
tion definitely appeared as if it had taken place thiough the sloughing 
of a sequestiated piece of intestinal wall If the lattei explanation is 
collect, his case is iightfullj one of late peiforation, and atfoids the 
only example I have been able to find in which such j^eifoiation was 
the lesult of indirect and not direct trauma 

To produce a contusion oi ciushing of the intestine, a fiim object 
must push in the abdominal wall with compiession of the intestine 
against a rigid background Since the locations of such contusions 
have been found directly ovei the spinal column, it may be deduced 
that the latter stiucture generally furnishes this lequiied backgiound 
The intestine is so damaged that peifoiation occurs either immediateh 
or aftei a variable length of time owing to secondaiy gangiene of the 
wall , thus late pei foration generall} happens about two weeks aftei the 
initial injury Howevei, in Taigett’s case perfoiation occuiied in four 
days and in Eve’s, in three months 

Naturally, the seventy of the foice has much to do with whethei 
the intestine is ruptuied immediately oi meiel) contused Likewise, 
the tenseness oi tautness of the abdominal muscles at the time of 
impact IS important Geneially, the lecipient of an abdominal injurj 
IS caught by suipiise, and the abdomen is lax Occasionally, howe\ei, 
sufficient time is given foi the victim to contract his abdominal muscles 
and partially dissipate the violence of the blow It is true also, that a 
leflex contraction of the abdominal muscles occuis at tbe moment tbe 
object strikes the abdominal wall , but quite often this comes too late 
to diminish the foice of the blo\\ 

In contusion of the intestine, according to Heitle,’'’ it is the mucosa 
that IS injured first, while the othei la}ers remain intact The mucous 
membrane is ciushed ovei a greatei oi less extent, the edges of the 

10 Hertle, Josef Ueber stumpfe Verletzun?en dcs Darmes und dts Mesen- 
tenums, Beitr 7 klin Cbir 53 257 1907 
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wound .11 e oftui incmil.iih ‘'t.u-sli.i|u d. .md tiu nuuoiis nuinhr.inc 
loi .1 dist.uKc sniioundiiiL: p.ii.iti d Itoiu its uiKhihint,' I.i\crs 

I his scp.ii.itioii is well (k iiionsii.ittd MI till sp<iniuii t'loin iin first 
c.isc I f llu' ci iisliiiiii iiijui \ Is iiitiu milked, tlu otlui iiite stinal l.ucrs 
.110 .ilso iinohed, the pe nloiie tun lumi; ittiitidK eiiiite nsisteiit .uid 
showiilir lol.itue’h sh”ht deleets 

J'lihel" h.is studied tin ifteits nt kit ili/ed .ihdolllui.il ti.iuiii.i ill 
dotts With the .iiiiiii ils UH stile ti/ed t\tu stveie hlous wcie iiiiioeu- 
oiis when the leet wtie tiid down tit,*ht leuMidkss oi wlutliLi the 
iiitestin.il ti.iet w.is lull ot ttupt\ \ppiteutK tin site tt liiiii^ ot tlit 

.ihdoiiiiii.il imiseks m itk the stion<'<st hlou h.irmk ss ( )iil\ when 
the hmd k”s wtu loosiiud .uul the ihdoiiit ii in uk ki' ,iiid hlows were 
d(.h\eied in the inulhiit o\ti tin spm.d tolumn uiii iultstiii.il .iiid 
iiKstntciK k sums stiiiu.i Ilkivs m the lumhn umoii with leys 
Hexed i\en eluinii^ lull <hi,'istiim .md .itur tilhnii the leetuiii with ,ur, 
h.id no ellects lloweeti, blow s stiuik df's tliit h.nl httii operated on 
.iiiel .IS .1 It suit h.id .idhe siotis to till .itidoiiiin.il w.ill or hetweeii the 
intestni.il coils c.uistd sect it injiines 

\ on Xni^eiii.'- in diseussuit' inKstui.il contusioiis run. irked th.it 
thev .lie itc'ottni/.ihk h\ sit<4!^il!,ition .ind leilninosis ni the iiittstiii.il 
w.ill .iiid the hluisli eoloi ot the snosi 'smiftons h.i\e the opportunit\ 
to see siieh eoiUtisioiis when Kneed elioits .it t.ixis line hten made iii 
me. licet. ited heim.is I he <114101 ot st\trit\ ot suth eoiitusions is 
difficult to judtte. hut he st.ited th.it one is .leeustointd 111 4e11er.1l to 
.itt.ieh no undue iinpoi t.iiiee to them when the seros.i is mt.iet JIow- 
c\ei. It te.irs c.in he itio4iii/ed m the imieosi .md in the nuiseiilaris, 
the d. 111401 of .1 l.itei perfoi.ition is \ei\ 41e.it 'I he fiist case here 
icpoited would seem to heht this st.itenient '1 he seios.i w.is intact at 
the tune of the exjiloi.ition .md the intestine stemed eiahle, hut perfora- 
tion occuiied newcitheless llowc\ei, theie is pioh.ihh .inothei f.ictoi 
hesides that of mcie contusion 01 ciushni4 ol the intestine that coii- 
tiihutcs 111 . ltd Kill} to the neciosis of the intestin.il w.ill and ultiinate 
jieifoiation d his conti ihutoi \ f.ictoi is distention 

\\ hen a poition of the intestine is contused, the .iiea iinolved is so 
cii]i]iled and ji.iietie th.it wdien it is c.illed on to do w’Oik, .is wdieii the 
jiatient is fed, it is un ihle to conti.icl pio])eil\ and acts as a point 0 
ohstiuetion Follow'm4 this, the intestine .iho\e the lesion becomes 
niaikedlv distended, as may le.idih he seen in the clinical histones 
here given I ciuote fioni V.in l^euien " 

11 Eiclicl Klinischcr vine! cxpcniiiLiUcllcr Rcitr.ifi: /ur Lchrt ion 

kutanen Darm-uiicl Mcsentenuni-Vcrlcl/iniscn, Bcitr 7 klin Clur 22 , 

12 Von Angerer Ueber subcutant D.irmiuptnrcn und dire operative eia 

lung, Arch f klin Chir 61 970, 1900 fnration 

13 Van Benren, Frederick T, Jr The Mechanism of Intestina cr 

Due to Distention, Ann Surg 83 69, 1926 
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Distention of the intestine increases its diameter Any increase in its diameter 
IS tripled in its circumferential measurement A moderate increase m 

diameter, therefore, results in considerable stretching of the wall The intestinal 
vessels pass between the layers of the wall along its circumference from their 
origin at the mesenteric border to their terminal anastomoses at the antimesentenc 
surface, becoming progressive!}' more thm-walled and more narrow of lumen 
Because they are elastic the stretching of the intestinal wall from distention still 
further thins the vessel walls and narrows the vessel’s lumen like a stretched rubber 
tube At the same time the pressure from within the intestine tends to flatten out 
the \ essel s lumen The narrowing of the vessel’s lumen and the thinning of the 
vascular wall are mavimum at the antimesentenc surface of the intestine where the 
terminal anastomoses occur , and, the distention pressure being constant throughout 
the lumen of the intestine, the mavimum effect is seen at the antimesentenc surface 
where a union of the three factors of pressure, thin wall and narrow lumen finally 
results in obliteration of the vessel This obliteration occurs sooner m the vein 
than m the artery on account of the less resistant wall The blood continues to 
pour through the arterial vessel until the pressure against the obliterated vein 
suffices to rupture the vessel wall and permit extravasation and coagulation Fmalh', 
the pressure occludes the arterj as well as the vein The area of tissue supplied 
by these terminal vessels is thus deprived of circulating blood and necrosis occurs 
This necrosis is usuall) first evident in the submucosa and inner muscular coat, 
but rapidly extends to the other coats of the intestinal wall, and perforation may 
occur nithin twent>-four hours after the discoloration due to the hemorrhagic 
infarct has been first noticed 

Fulther, the question ma\ be asked, what lole if any do the intes- 
tinal digestive juices play in the causation of perfoiation I have no 
definite data on this point Doubtless, in the lower ileum this factoi 
can be disregarded, and it is in this location that most of these per- 
foiations occui (in four of six cases here reported) But in the jeju- 
num, the question may deserve more consideiation Case 1 comes 
under this categoiy As seen in figuie 2, the healing ulcer on the 
mucosa below the areas of peiforation looks not unlike a shallow peptic 
ulcer, and the thought naturally arises that tryptic actnity may haA'e 
had some pait in its causation In this connection, a case reported 
by A on Huebschmann is of interest A boy, aged 4^ years suffered 
a slight abdominal trauma four Aveeks befoie death FolloAA'ing the 
injury he had persistent intestinal bleeding, and finally peritonitis Avith 
a fatal outcome At necropsy, a perforation of a Meckel’s diA'erticiihim, 
which Avas entiiely coated with gastric mucosa, Avas found Presum- 
ably a tear m the mucous membrane caused by the trauma AA'as con- 
verted into an ulcei through peptic action AA'hich latei led to perfora- 
tion This, of couise, is a case illustiating the iioaa comparatnely A\ell 

14 Von Huebschmann Munchen med Wchnschr, September, 1913 pp 2051- 
2052, quoted by Stulz and Vonnger Peptic Ulcer of Meckel s Dnerticiihim 
^nn Surg 83 470, 1926 
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known pictuie of peptic ulcei of this divei ticulum , but it is of inteiest 
that peptic activity, and not distention, added to the tiaiima played the 
decisive idle in leading to peifoiation 

Clinical Coinse — Theie aie no distinctive symptoms of intestinal 
injuiy Tiatima to the abdomen vanes in seventy fiom mere slight 
contusion of the panetes thiough vanous degiees of intestinal con- 
tusion to severe luptuies of the intestinal tiact, and often it is diffi- 
cult to know how extensive the damage is Fuitheimore, the picture 
may be obscuied by injunes to other oigans with hemonhage Yet 
on the whole, those cases m which only intestinal contusion occuis 
show a less seveie degiee of tiauma and a less stnking clinical couise 
than those in which piimaiy peifoiation takes place Yet at times the 
giavest lesions may exist with few S3an]itoms Indeed, abdominal 
trauma in its initial phase should he consideied as a whole, and contu- 
sion and piimar) peifoiation scpaiated only at the opeiatmg table 
The clinical couise ma}'' conveniently he divided into thiee stages an 
initial, an intermediate and a teiminal 

In the initial stage, the patient enteis the hospital \vith the histor) 
of having sufteied abdominal trauma of van mg seveiitv This his- 
LOiy, howevei, may be entiiely lacking as in case 1, in which the blow 
leceived seemed so tiival to the patient that he did not even mention 
it Pam, often seveie, diffuse oi located in the midpoition of the abdo- 
men, IS the most constant symptom Vomiting may occiii Theie aie 
geneially no external evidences of injury to the abdominal wall Among 
the foregoing cases only one showed excoi lations, and these weie on 
the back Abdominal tenderness is invaiiable, and togethei with the 
pain, constitutes the most reliable sign It may be diffuse oi localized 
to the aiea of injui}^ Rigidity and distention may oi may not be pies- 
ent Heineke has discussed maiked meteoiism coming immediately 
after abdominal tiauma This he attiibuted to injuiv to the letio- 
peritoneal neive plexuses It geneially occuis in mild injuries and is 
absent in seveie visceial lesions until the onset of peiitonitis Genei- 
ally the temperature is at fiist noimal, though the j)ulse and lespiiatoiy 
rate may be acceleiated Soon, howevei, the tempeiatuie rises, but 
seldom above 101 F The symptoms may become alaiming, as foi 
example in case 2, and if expectancy has been piacticed, one judges 
he has erred in not opening the abdomen, that a j^ei foration has been 
present, and that fatal peiitomtis is developing Yet this storm may 
subside almost as lapidly as it came 

The intermediate stage is one of lelative quiescence The danger 
seems to have been safely passed, and all concern is lost with conse 

15 Heineke, H Ueber Meteonsmus nach Bauchcontusionen, Arch f kbi 
Chir 83 1104, 1907 
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quent relaxing of the pievious caieful obseivation The patient may 
he dismissed from the hospital and foi gotten, only to be latei lead- 
mitted in an agonal state Yet tokens of the impending catastrophe 
aie presented if they aie only read coirectly With the least dietary 
indiscretion, pain recuis Intel mittent distention peisists past the time 
at which it seems it should have completelp^ disappeared Diarrhea 
may occur and blood may be found in the stool This intermediate 
stage IS of variable duration, geneially lasting from ten days to two 
weeks, exceptionally, from four dajs (case 3) to thiee months 
(case 5) 

In the teimmal stage, perforation occuis Pam is very se\eie, it is 
that of perfoiated peptic ulcei This is in marked contrast to the pain 
of primary intestinal perfoiation, when the patient may insist that 
there is nothing wiong and lefuse operation Following perforation, 
the symptoms are those of a fulminating and rapidly fatal peiitonitis 
Vomiting recurs and soon becomes fecal The abdomen is distended 
and rigid, and may be flat to peicussion The pulse rate rises The 
blood pressure falls Cold sweat and c}anosis appear Theie may be 
involuntary stools Death swiftly follows The loss is diamatic, com- 
ing as it does after apparent lecovery from the intial injuiy After 
perforation, the hopelessness of the situation is onl} too evident and 
generally no inteivention is attempted 

However, the couise as depicted is not always followed Perfoia- 
tion may not occur until aftei several weeks, and may be so slow that 
the area can be walled oft by adhesions, and produce only a localized 
abscess or fecal fistula, 

Piognosis — It is piobable that mild contusions of the intestine are 
much more frequent than those progressing to secondary perforation 
Many of these are not, and often cannot be diagnosed without explor- 
atoiy laparotomy Often patients with such injuries do not even con- 
sult a physician At times, however, S} mptoms f i om intestinal contusion 
have been sufficient to lead surgeons to open the abdominal cawt}, 
fearing that a serious visceral lesion existed In such cases, explor- 
ation has given negative results with the exception of a bruise on the 
intestine, and prompt and satisfactory recovery has occurred on simply 
letuining the intestine to the abdomen without further inter\ention 
On the whole, then, the prognosis of intestinal contusion is fa^orahle, 
most patients reco^erlng without treatment Hopp reported foui 
such cases of simple contusion fn which operation was not performed 
and the patients w^ere dismissed from the hospital in from six to fifteen 
days E^en in those cases in which symptoms do not prompth sub- 
side the outlook is probabK fairly good if the danger is recognized 

16 Hopp, Max Ueber die Indikationi'^tellunc: bei traiimatiscbcn ^ubbutini,!! 
Bauch%erletzungen Beitr z khn Chir 72 278 1911 
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and the intestine is put at lest or operation peifoimed Blood in the 
stool IS inconstant, but even when it is piesent it is not necessarily of 
bad prognostic import oi necessarily indicative of impending perfoia- 
tion It may indicate meiely supeificial mucosal ulceiation which will 
readily heal Hopp cited a case m point 

Yet when secondaiy peifoiation has occuiied, the outlook seems 
hopeless Death occuired in all the cases here lepoited, and a similar 
outcome has been lepoited in all othei cases that I have found in the 
liteiature Operation, even when done immediately, seems to be of 
little avail In one of Hopp’s thiee cases, operation was performed 
immediately with a fatal outcome One would expect, howevei, that 
in some cases of A^eij^ late peifoiation with abscess or fistula formation 
the outcome would be moie happy than m Eve’s case (case 5) 

Ticaimcnt — As may leadily be seen from the discussion on 
piognosis, the treatment foi secondaiy intestinal peif oration from 
trauma is piophylactic lathei than cuiative All effoit must be directed 
toAvard the pievention of the catastiophe of peif oration The most 
important desideratum m this connection is the knowledge of the possi- 
bility of this contingency, the factois m its causation and the signs of its 
imminence Had I been sufficient!)^ conveisant with this stndrome, 
the patients m the two cases heie lepoited would not have been dis- 
missed fiom the hospital, indiscietions in diet would have been avoided, 
and secondaiy intervention would have been lesorted to before per- 
foration In extenuation it might be said that m the fiist case no 
histoiy of injury was elicited, and eveiy one was entirely at sea as to 
the natuie of the underlying pathologic piocess In the second case, 
no such excuse is possible , indeed, still furthei censure could be made 
I a that exploiatory celiotomy was not made at the time of injuiy 
I need not discuss in detail the tieatment of the first stage, since 
it is that of abdominal injury m geneial The patient should be hospital- 
ized Shock, if present, should be promptly combated The abdomen 
should be immobilized by a bindei IMorphine should be used spaiingly, 
especially in cases in which exploration is not done immediately for 
thus the piogiess of the case may be unduly masked If there are 
good grounds for suspicion of visceial injuiy (pain, rising pulse rate, 
tender and rigid abdomen, especially over a limited area), exploration 
should be made at once At this inteivention, primary intestinal rupture 
may be found oi areas of contusion associated with such rupture or 
merely intestinal contusions alone In the second of these, it is not 
sufficient to repair the lupture alone and disregaid the areas of con- 
tusion These accompan)ing contusions should receive the same care- 
ful attention that they would if they weie the only lesions present 
The peril inherent in these contusions is well shown in Brewer s case 
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(case 4 ), in which, aftei successful lepaii of a piimaiy intestinal 
pel f oration, a secondai}’’ peif oration occuriecl ten da}S latei at the 
site of a contused aiea seen at operation 

It is the treatment of the second oi intermediate stage of abdominal 
trauma that especiall} belongs to a discussion of secondaiy intestinal 
peiforation The prodiomal s3'mptoms of peifoiation (pain, vomiting, 
diaiihea, blood in the stool, localized tendeiness, meteoiism) should be 
caiefuily watched foi, and on their first appeal ance, the intestinal tract 
should be put at lest All foods should be promptly discontinued, and 
the patient given fluids by rectum or under the skin Hertle advised 
continuance of this fast ioi five days If the symptoms piomptly sub- 
side, careful resumption of diet should be made, staitmg with liquids 
Marked distention, if piesent should be leheved b\ enemas, since such 
distention is probabl}’’ moie dangeious than any peristalsis so set up 
Naicotics should be used sparingly, especially dining the obseivation 
period If the threatening S3anptoms do not pioinpt]3'^ subside, oi if 
aftei subsidence the3'^ leappeai on the least attempt at feeding, intei- 
vention would seem to be indicated, though I have found no case in the 
hteratuie in which this has been earned out befoie peifoiation At 
operation, the area, if small, may be tinned in by sutuiing, or coveied 
by omentum oi sutured to some peiitoneal surface (parietal peiito- 
neum) , if large, it should be lesected 

This has been tiied out Iw Thomson^” m expenments on dogs m 
which poitions of the wall of the intestine weie excised He has 
shown that small lesions not largei than 1 cm squaie can be safeh 
sutured over, provided the sui rounding tissue is normal Laiger defects, 
if lesection cannot be carried out or is difficult, can be handled Iw a 
plastic operation with fixation of the intestine to an adjacent peritoneal 
surface so long as an acute knuckling is avoided Howevei, deep 
intestinal defects, e\en if of small extent where the suiiounding wall 
is pathologic, should be tieated by lesection, if this is not possible, a 
plastic coveiing should be made and gauze drainage instituted In m3 
fiist case meie covering of the involved area of intestine at the time 
of operation might have converted the case fiom one of fiee peiito- 
nitis after perfoiation to a localized abscess wdiich later could ha\e been 
successfull3^ diained The eftort made bi the tip of the omentum to 
plug the uppei perforation can be seen in figure 1 In cases of marked 
distention, ileostom3 above the lesion should be considered 

Treatment at the thud stage after perforation seems hopeless 
Possibh’’ immediate intenention with closure of the perfoiation and 
drainage 11133 m the futuie show better results than in the past, for 

17 Tliomson Hermann Ueber nicht perfoncrende pcntoncak iind inuskuherc 
Danniaesionen und deren Btlnndlnng Zt^chr i Geburf'-h ii GmiIL 26 103 1S93 
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this efifoit has only occasionally been made, and theie aie not enough 
available data to enable one to come to final conclusions 

SUMMARY 

1 Six cases of secondaiy oi late peifoiation of the small intestine 
fiom tiauma aie lepoited, two peisonal, and foui illustrative ones 
fiom the hteiatuie On the basis of these lepoits, a clinical discussion 
of the condition is given 

2 Secondary peifoiation lesiilts fiom the neciosis and sloughing 
of an aiea of the intestinal wall, on the antimesenteric bolder, which 
has been contused, geneially either fiom diiect blows ovei the mid- 
poition of the abdomen or from ciushmg Intestinal distention is a 
contributing factoi Peifoiation occuis most frequently about two 
weeks aftei iiijiny 

3 Ihe initial symptoms aie those of abdominal tiauma m geneial 
After apparent recoi'ery, theie are symptoms in the mtei mediate stage 
suggesting the possibility of late peiforation, these are lecuiimg pain 
and tenderness, vomiting, meteoiism, dianhea and blood in the stool 
The pain of peifoiation is similai to that of peifoiated peptic iilcei 
A fulminating and lapidly fatal peritonitis ensues 

4 The prognosis of simple intestinal contusion is good Most such 
contusions heal without being diagnosed When neciosis with secondary 
peifoiation occuis, howevei, the outlook is bad, all the cases heie 
leported having pioved fatal 

5 The initial treatment is that of abdominal trauma in general If 
visceial injuiy is suspected, exploiation should be jDer formed at once 
Areas of contusion should be piotected by being tinned in if very small 
or covered by omentum oi sutuied to the paiietal peiitoneum if larger 
Primary resection is requiied only occasionally In the intermediate 
stage perfoiation may be guarded against by a careful dietaiy legimen, 
with periods of absolute withdrawal of food if necessaiy Patients 
should be kept in the hospital until all dangei is past 
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That cancer of the stomach is a problem, and can be considered a 
major problem m the control of cancer, is evident when one considers 
the figures of the annual toll of cancer m this part of the body, how 
little actually is accomplished for the patient with cancer of the stomach 
and what might possibly be done for him 

The general facts are well known Almost 35 per cent of all deaths 
from cancer are due to cancer of the stomach the disease picture is 
easily recognized when well de\ eloped, large series of successful 

primary removals ha\e been reported. }et the general hopelessness 

and pessimism of most laymen and physicians are only too apparent 

This study is based on an anal} sis of 365 consecutne deaths from 
cancer of the stomach, collected through the Cancer Duision of the 
Department of Health Of these patients, 213 were observed in hos- 
pitals and 152 were not^ The points borne in mind were (1) the 
present average situation as regards diagnosis and treatment. (2) the 
chief difficulties and commonest errors in both recognition and therap} 
and (3) the possibilities for improvement and control 

THE AVERAGE C \RE 

It IS easily seen that, viewing the average situation as regards 
diagnosis and treatment, the popular pessimism concerning cancer of the 
stomach is well founded (table 1) In other words just 3 per cent of 
those who died had had the chance of cure which operatn e reco\ er\ from 
radical resection represents The series covered one and a half \ears 
and included all deaths registered as having been caused b\ cancer of 
the stomach in a population of 1,730000 during that time As indi- 
cated in previous studies, this can probabl} be considered an average 
situation , It is believed that similar tabulations in most of the com- 

* Submitted for publication Jan 7, 1930 

1 AH deaths vere certified as haMiig been due to cancer of the stomacli In 
main instances, the diagnosis uas made chnicalh onh, so that a certain amount 
of scientific accuracy maj be lacking in these anaUses howeier a death vith 
d\spepsia, \omitmg loss of weight epigastric mass etc was considered certain 
enough to ha\e been caused b\ cancer to be included for anahsic Unless the 
cases which had had onh clinical obsereation showed these mani3c«tat!ons, tht\ 
were not included 
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mumties the countiy OA^ei would show similat figures, so that, as 
legal ds the average possibilities of accomplishment, the stait can be 
made almost at the level of zeio 


THE CHIEF DirnCLLTIES AND COMMONEST ERRORS IN 
RECOGNITION OF CANCER 

Though some well qualified internists still insist that cancel of the 
stomach cannot be lecognized by piesent diagnostic methods early 
enough for any accomplishment in ladical treatment, nevertheless 
authors of textbooks aie lewnting the text on s} mptomatolog} of this 
type of cancer," leaving out the description of the teiminal condition — 
mass, vomiting, loss of weight, pain, etc — and desciibing the early 
mild manifestations It is well recognized that one of the chief factors 
in any possible improvement in the treatment of cancel of the stomach 
will be earlier lecognition 

Table 1 — Caic Gwen in a Senes of Fatal Cases of Cancel of the Stomach 


Total nuniber of deaths from gnstile cancer 
Total number in hosjiltals 
Total number of operations 
E'sploratlon onh 
Gastro-entei ostomj 
Gastrostom\ etc 
Resections 

Total primarj lecoietles from radical opeiatfons 


305 

213 

S(> 

29 

35 

4 

28 

11 or 3% 


Three hundred of these 365 charts were analyzed The first symp- 
toms given in the 300 histones were studied The histones of patients 
with cancer of the stomach can easily be divided into those which 
indicate a previous indigestion of several years’ duration of moie or less 
severity and those in which the cancer started stiddenl) fiom apparent!) 
good health Of 287 cases in which such data were obtained, 71, or 
24 7 per cent, started from long preceding indigestion The remaining 
216, or 75 3 per cent, started suddenly from previous good health This 
shows a somewhat laiger number staiting from preceding indigestion 
than a previous analysis’^ (based on fewer cases) showed, and it is 
slightly higher than the number given in many reports However, an> 
large series of cases of cancer of the stomach will show 15 per cent 
or more starting from long continued piecedmg indigestion 

We shall consider first the larger group, the 75 per cent vhich 
started from previous good health Table 2 lists the fiist symptoms 
complained of, in the ordei of their fieqtiency, and divided further 

2 Tice Practice of Medicine, Hagerstown, Md, W F Prior Conipaa}> 
1922, vol 7, p 496 

3 Saltzstem, H C, and Sandneiss, D J The Average Treatment o 
Cancer, Arch Surg 18 2176 (April) 1929 
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into those referable to the upper part of the ahmentar} tract — indiges- 
tion, history of ulcer, etc , presuniablj easier to recognize — and those 
not so definitely referable to the stomach and more ahpical, as loss 
of weight, weakness, etc * 

Thus, 69 per cent started with symptoms which, though often mild, 
were distinctly referable to a pathologic disturbance m the upper part 
of the abdomen The chief problem is not the recognition of the 
symptoms, but the arousal of suspicion that the} may be of serious 
import As McCart} expressed it ^ “Small cancers of the stomach 


Table 2 — Fust Symptoms Complained of by Tz'^o Hundicd Thu teen Pei sons 
Who Died of Cancel of the Stomach (Onset fioin Piezioiis Good Health) 


Sjmptoms Referable to Upper 

Part of Alimentary Tract 

Atypical Symptoms 


Indigestion 

74 

Loss of weight weakness 

37 

Pain m epigastrium 

21 

Loss of appetite 

14 

History of nicer 

20 

At 3 pical pain (not in upper p irt 


Vomiting 

15 

of abdomen) 

11 

Gastric hemorrhage 

3 

Anemia 

O 

Difflcultj in swallow mg 

5 

Diarrhea 

> 

Gnawing sensation in epigastrium 

3 


— 

Distended abdomen 

3 

Total 

CO or 31% 

Fuiness in stomacli 

Total 

3 

147 or 69% 




Table 3 — Conti asting Symptoms of Onset of Pylonc Cancel xoilli SMiipfoms of 
Giozvths Staitnig Elsewhcic m Stomach 

Cases 

Location 

Onset witli 
Djspepsia % 

Onset witli 

Atypical Ssj mptoms % 

55 

Pjlorus 

70 3 

20 7 

36 * 

Flsewiiere 

33 3 

00 7 


* Lebser cunature 13 cardia b pars media 4 creiter eunature 3, ind „rcattr 

cunature 3 lesser cumtiue and cardia 3, fundus 2 total 30 


do not gn^e signs and s}mptoms diftermg fiom those of chronic gastric 
ulcer, duodenal ulcer and sometimes disease of the gallbladder 

The number of cancers of the stomach that start suddenl} with 
vague and atypical s}mptoms has gnen rise to a good deal of pessimism 
legarding the possibilit\ of diagnosis earh enough for radical treat- 
ment ^Vhen one considers this m the light of the anatomic location 
the popular pessimism must be diluted 

In 91 of these cases with suddenK appearing indigestion the 
anatomic lesion was known with certaint\ ' Table 3 shows that 29 7 
per cent of the p}loric cases started with a} ptical S}niptoms contrasted 

4 Data were incomplete in three cases leaMiijr 213 for ainhsis 

5 McCarti, \\ C Cancer Research 12 1 f March) 1928 

6 Cases m which the aintoniic site oi the lesion was not dearie stated as 
“pelortis and greater cunature etc or m which the site w is not known witn 
certainte were excluded 
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with 66 7 pel cent of those located elsewhere (lesser curvatuie, fundus, 
cardiac, etc ) starting atypically As is shown in table 9, most of the 
growths resection of which was attempted were in the pyloius and 
distal poition of the stomach, so that as regards possibility of control, 
the pylorus and right half of the stomach is the impoitant part 

That pyloric growths are twice as apt to start with typical symptoms 
as those elsewhere in the stomach, and that numerically more of the 
cancers that start with insidious unrecognizable symptoms are in non- 
resectable locations can only be facts of hopeful import when one 
IS consideimg the control of cancer of the stomach 

Danger of Confusing Ulco and Cancel — The aigument as to 
whether ulcer precedes cancer of the stomach frequently enough to 
make medical tieatment of gastric ulcer dangerous still waxes heatedly 


Tabli 4 — Symptoms of Onset of Canco m Seventy-One Patients Who Had 
Had Long Continued Picceding Indigestion 


Onset of Cancer Symptoms 
JlarKed by 

Picceding 
Symptoms 
Typical 
of Ulcer 

Preceding 
Symptoms of 
‘ Dyspepsia" 

Total 

Recurrence of indigestion 

9 

C 

15 

Intensification of indigestion 

7 

32 

39—76% 

Weakness, loss of weiglit 

2 

5 

7 

Hemorrhige 

1 

1 

2 

Anore\ia 

0 

1 

1 

Vomiting 

1 

3 

4 

Atypical pains 

1 

2 

3 — 24 % 


21 

ffO 

71—100% 


Most pathologists, studying gastric cancers at autopsy or lesected gastric 
ulcers, feel that the possibility of gastiic ulcer developing into cancer 
IS unusual, from 3 to 6 per cent being often quoted estimates Surgeons 
have frequently estimated the possibility much higher, from 10 to 20 
per cent or even more 

As noted, 71, or 24 7 per cent, of the total number of cases were 
pieceded by a long continued indigestion, before symptoms of what 
was considered as the onset of cancer supervened To be sure, there 
IS no way of knowing whether these were gallbladder dyspepsias, slowly 
growing primary cancers, cancers developing on an irritable stomach 
or gastiic ulcers that later developed into cancer Since in most of 
these cases the preceding indigestion was of moie than three years 
duration and the average total duration of illness in all of the 287 
cases was 15 6 months, it is not felt that many slowly growing primary 
cancers were included 

The symptoms of onset of 71 cancers that developed from preceding 
indigestion which may or may not have been due to ulcer are ana yze 
in table 4 In 76 per cent the only onset of what might have been the 
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change from ulcei to cancer was a recurrence of the symptoms after 
the lapse of a free interval or a sudden intensification of these s}mp- 
toms In 24 per cent, the piobable onset of cancer was marked only 
by weakness and loss of weight, anorexia, hemorrhage, \omitmg or 
atypical pain 

One third (21) of these cases of cancel with a long continued 
preceding indigestion w'eie marked b} typical postprandial pains relieved 
by alkalis and food Over one half of these wnth the history of ulcer 
(14) had been clinically diagnosed ulcei, and presumabl} the patients 
had been treated for ulcer Several of the patients had had medical 
management for ulcer wnthm a few'- months of the positive diagnosis 
of cancer Six had previous gastio-enterostomies (including 2 of the 
14 wdio also had medical management for ulcer) 

In addition to the cases just mentioned, 21. or 10 per cent, of the 
216 cases that started suddenl}- from previous good health, had what 
w^as noted as “ulcer historj " (This makes 15 per cent of the total 
300 cases, which had “ulcer history” definite enough to be described 
as such) 

One cannot leview these records without feeling that the piactical 
problem of clinically confusing gastric ulcer wath cancer is much more 
frequent than is represented by the estimate of 6 per cent GeneralK, 
the cancer developed under the e}es of phvsicians other than those 
wdio treated the patient for ulcer and many of these cases would 
not come to the pathologist studying his hospital or autopsy material 
in regard to gastric ulcer and cancer, for in the second instance the 
cancer was w^ell developed and its origin from possible ulcer obscured 
Frequently, there being no second operation or autopsv, the diagnosis 
of cancer can be made onl}'^ clinically and hence is always open to the 
criticism of the lack of scientific evidence 

The following cases are t^vpical of the latent danger in conservative 
treatment for chronic gastric ulcer 

Case S1S5 — A woman, aged 61, had a gastro-eiiterostom\ m Januan, 1922, 
for pyloric ulcer, following a lnstor\ of peptic ulcer distress for thirt\ \ears In 
Januan, 1925, three 3 ears after operation, there was a recurrence of abdominal 
pain, with \omiting, hematemesis, blood from the bowels and loss of weight 
The patient refused operation for a suspected recurrence of the ulcer, and con- 
tinued to lose weight, and to \oniit had seicre abdominal pain, developed a 
mass in the epigastrium and died m October, 1927, of what was cinncalh con- 
sidered gastric carcinoma There was no autopsv 

Cask S52 — A man aged S3 had had indigestion — belching flatus etc — for 
twent\-si\ a ears for which gastro-enterostomv for pvloric ulcer was done la 
1924 He felt perfectU well, was free from all pain and indigestion for one 
vear after operation and gamed from 109 to 145 pounds (494 to 65 8 Kg) ni 
weight One \ear after operation cachexia began There was a rapid loss of 
weight Jaundice was marked during the last month of hi-s life He d-ed ii 
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j\Jay, 1927, two years after the onset of recurrence with what was clinically 
considered gastric carcinoma There was no autopsy 


The chief problem is, just as it is with the lump in the hi east, how 
often can one be suie that the lesion is benign without lemovmg it^ 

Alvaiez’’ analyzed some of the factois that tend to minimize 
111 the minds of laity and physicians the frequent association of these 
two lesions Gastiic ulcei is relatively a lare disease Laige gastric 
ulcers are still raier Ninety-two pei cent of the excised gastiic ulcei s 
aie smaller than a 25 cent piece (2 4 cm) Also, 75 pei cent of 
observed cancers of the stomach aie larger than 4 cm , few aie smallei 
than 2 cm Piactically, laige gastiic ulcers (ovei 2 4 cm) oi small 
cancels (smallei than 2 4 cm) aie so laie that a physician may not 
see one foi seveial years, and hence is not often confionted with the 
clinical pioblem of diffeientiating gastric ulcei fiom cancel But all 
cancers must be small at some time in then histoiy Alvaiez estimated 
that on the basis of size alone a lesion in the stomach the size of a dime 
(18 cm ) has one m fifteen chances of being malignant If it is the size 
of a quaiter (2 4 cm ), theie is one in ten chances of its being malignant 
When It leaches the size of a half dollar (3 cm ) there are two chances 
to one that it is cancel, and when it is laigei than a dollai (3 5 cm ) it is 
almost ceitamly cancel ® 

Roentgen Diagnosis — Sixty pei cent of these 300 cases were 
examined by means of the x-iay In 30 pei cent of the cases note 
was made that no x-iay picture had been taken The data on the 
remaining 10 per cent do not indicate whethei or not roentgenologic 
examination had been made 

As seen from table 5, 82 5 pei cent of those who had been observed 
m hospitals had had roentgen examination, while only 26 1 pei cent of 
those not m hospitals had had loentgen examination The laige numbei 
of patients with cancel of the stomach who die without evei having been 
111 a hospital and without evei having had a roentgen examination oi 
adequate diagnosis is perhaps not sufficiently appieciated Many of 


7 AKarez, W C Sizes of Resected Gastric Ulcers and Gastric Carcinoma, 
JAMA 91 226 (July 28) 1928 

8 Dr Jordan of the Lahey Clinic has divided gastric ulcers into tractable, 
those healing within two or three weeks with complete disappearance of x-ray 
niche and return to normal tonus of the stomach wall , and intractable, those 
which do not heal completely in two weeks Patients with the latter condition 
only are operated on, about 30 per cent of those with gastric ulcers seen in their 
clinic This may be a valuable method of safely avoiding such a formidable 
operation as resection of a gastric ulcer in many cases However the tota 
number of cases is not as yet large, and it is difficult, in the average situation, to 
obtain such accurate medical and roentgenologic study and to have patients report 
regularly for follow-up examination over a long period of time See Jordan, 
Sarah 31 Gastric Ulcer and Cancer, J A A 93 16 (Nov 23) 1929 



JL7 ZSl EJ W-S 'LV DU' EISS— CANCER OP S7 OMACH 


119 


tlicbc patients \\ ei e seen hy a jjhysician only a few times m the terminal 
stages of the disease Others had refused suggested complete exam- 
ination 

]n 5 of the 172 cases in which roentgen examination had been 
made the i oentgenologie lepoits weie not obtained, leaving 167 for 
anal} SIS In 67 per cent, the loentgenologist diagnosed cancer posi- 
live!} In anothei 19 8 per cent, the diagnosis was either ulcer or 
cancer, ulcei and cancer, jnobable cancel oi syphilis and cancer making 


T\nii 5 — \tnnbct of Pc)^ou<! Who Had Rocnfgcu Examinations 


Cflses 

ToItI iiiinilai of < ists iS7 

In liospitnl 172 

Not In hospital 111 

Roentgen 
rvamlnallon 
172 orC0% 
1-12 or 82 1% 
SO 01 26 1% 

No 

Roentgen 
Examination 
84 or 20 2% 

S 

7G 

No Data 
Concerning 
Roentgen 
Examination 

31 or 10 8% 

22 

9 

Tm’il 6 — Remit’; of One Hitndted Sntv-Seven 

Roentgen Ex 

aminations of 

Pciion^ ll'lto Subsequcntlv Died of Cancel 


Results of n\inilmtloii 

Cases 

, A ^ Percentage for 

Xuniber Percent ige Comparison 

Positlte tmcei 

112 

C7 0 

72 3 McVicar 

1 Icei 01 ( aiiccr 

n 

7 8 

0 4 and Daly 

Probahk tinccr 

13 

7 3 


''ipliills 01 nncci 

3 

1 3 


IMoiic or duodcinl t inoei 

2 

1 2 


f niicer and ulcer of caidH 

i 

0 


Cincer or ulcer 

1 

0 


Total posltiie oi suspected cancci 

145 

SI. 8 


Result netathe 

6 

3 G 

1 2 

(i istric ulcer (no lefeience to cancer) 

o 

S 0 

7 5 

Result of 1st e\amlnntion neptathe 
2nd poslthe 

of 

4 

2 4 


Duodenal ulcer 

2 

1 2 

1 0 

Result not definite 

2 

1 2 

17 6 misc lesion 

Ulcei at tastroenterostomj of stomach 

1 

0 


ExtraKistnc pressure 

2 

1 2 


Total misleading 

22 

13 2 

. 


86 8 per cent positive or suspected cancer In 13 2 per cent, the x-iay 
picture was definitely misleading (table 6) 

This estimate of the accuracy of roentgenologic diagnosis of a 
malignant gastric condition agrees rather closely with the much larger 
experience in the Mayo Clinic recently reported by McVicar and Daly ^ 
In then 1,104 cases of gastric cancer in which roentgen examination 
had been made, the result was positive in 72 3 per cent, compared with 
67 per cent in our cases Though further comparisons are difficult 
because of the difference in terms used, it is evident that there was 

9 McVicar, C S , and Daly Joseph Diagnosis of Operable Cancer of 
Stomach, Ann Int Med 1 152, 1927-1928 
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a similar small peicentage m which the lesion was placed m the 
duodenum, a small number (smaller than m our series) in which the 
result of roentgen examination was negative and a larger number in 
which gastric ulcer was diagnosed 

Twenty of the 22 cases (13 2 per cent) in which the x-ray picture 
was definitely misleading are detailed in table 7 In seven cases the 
result of the roentgen examination was negative, sometimes within one 
month of death from cancer In 4 cases, one x-ray picture was 
negative and a second jiositive, m 2 of these, the cancers were in the 
cardiac region In 1, the x-iay picture was not definite In anothei, 
the cancer had perforated, and the large abdominal abscess surrounded 
by viscera was taken to be an extragastiic neoiilasm Five cases were 
diagnosed gastric ulcer , m 2 of these, gasti o-entei ostomy had been 
performed, to be followed after some months by the clinical picture of 
carcinoma Two cases with marked obstruction were thought roent- 
genologically to be duodenal iilceis From this, it can be seen that 
one month before death from carcinoma of the stomach the x-ray 
picture can be negative The cases in which the roentgenologist 
diagnosed ulcer with no noted suspicion of cancer either were at the 
pylorus and accompanied by obstruction (4 cases), or weie tilcei 
craters on the lesser curvature (2 cases) The cases in which mis- 
takes were made in the roentgen diagnosis were not preponderantly in 
the left half of the stomach, where no premium is placed on accurate 
diagnosis, but in anatomic locations where resection is possible 

The lesson taught is that, although the x-ray picture is helpful in 
the early diagnosis of a malignant condition, the roentgenologic 
diagnosis is not accurate enough to be used to the exclusion of other 
clinical interpretations Given a mildly but definitely suspicious clinical 
history of gastric malignancy, a negative diagnosis by means of the 
x-ray should not entirely rule out cancer 

THE CHIEF DIFFICULTIES AND ERRORS IN TREATMENT 

As was noted in previous studies,^ the mortality from gastro- 
enterostomy is about as high as that from resection It is being 
appreciated lately that gastric resection, if at all feasible, is a better 
palliative procedure than gastro-enterostomy , patients are more com- 
fortable following it, and patients with nodules in the livei have lived 
three years after gastrectomy foi cancel Also, glands in the lesser 
omentum are frequently inflammatory when thought to be cancerous 
The problem in the treatment of persons with gastric cancer, then, is 
doing more gastric resections with a much lower mortality 

10 J C Bloodgood (in Lewis, Dean Practice of Surgerv, Hagerstown, 
Md , W F Prior Company, 1928, vol 6, chap 8, p 84) mentioned the possibi ity 
of a roentgenologic examination overlooking malignancy, citing two instances 



Table 7 — Irvcnty Fatal Casa of Catica of the Stomach in Which Roentgenologic 

Diagnosis JVas Misleading 


in vliltli rr«nlt of (\iiniiniif ion Iiy \ riiy ^uis negntivp (7) 

Itoentpen Dlnpiiosls Final Condition 

^o 590 Dlscised appendix 1 montli before Cancer of pyloius (operation autopsy) 
diatli 

^o JS ^«ecatl^c 1 niontli bcfoic death Cancer of stomacli (autopsy) 

^o 5"(i Nepatlve 1 montli before death Cancer in ulcer ulth metastascs 

No -iOT Ntpatlye 1 month befoic death Adenocarcinoma of lesser curvature 

No iOJ Ncpatlxc 1 montli before death Cancer of pylorus (autopsy) 

No 113 10 t-J9 Stomacli fills readily py- Autopsy 10 5-29 Almost complete contric- 

loric end pulled oicr to pallbladder lion of pyloric ring 1 cm in uidth, micro- 
rcplon no fllllnp of tap, no 5 hi scoplcally adenocarcinoma 

rttcntlon 

No 200\ 10-l(p-29 Ncpatlyc no eiideiice or- Operation 1 ueek later, extensile cancer of 
panic lesion of tsopliapus, stomach lessei curiature ivlth metastasis in lesser 
or duodenal bulb omentum, death, Dec, 1929 

Cases in iililcli lesult of Isf examination was negatlie, of 2nd, positiie (4) 

No 102 'March 1027 Ncpatlic Feb 1028 
Cantci of cardiac end of stomach 

No 307 1020 Ncpatlic diet, etc pre- Operation, carcinoma of midportion of greatei 

stribed Six montlis latci Lesion curiature 
of stomath 

No 22 5 20 27 Ferforated ulcer iilth no 

eildencc suggesting cancer pei- 
foratloii due to exti agastric pres- 
sure, 2nd x-rai plttuie Adianced 
(anter of stomacli probably inop- 
erable 

No 215i Isl x-rai picture Ulcer at caidia , Opeiation 7 months later large cancer mass 

a malignant condition to be ton- found in the cardiac region of stomach iiith 

sidcred I’atlent tlien iient to a cratei in lesser curvature 
intlonalli Known clinic where al- 
thougli esopliagoscopy showed slight 
suspicious lesion at the cardia, 
x-iay picture was negative 

Case in which x-ray picture was not definite 

No 474 Tan, 1928, x-ray picture negitive Opeiation 5-18-29 tumor mass size of lemon 

stomach and duodenum cap, gall- involving cardiac end of stomach 
1)1 iddtr susiiectcd clinical diag- 
nosis typical duodenal ulcer pa- 
tient benefited with Sippy diet and 
lest etc Jlay 1928 Stomach 
lirge marked hypertrophy ofiugae 
of greatei cuivatuie 

Case of extragastrlc pressure 

No GIO 12-27 no intrinsic gastric lesion, Opeiation, large abscess surrounded by intia- 
defectivc shadow in greater curva- abdominal viscera, new growth invasion of 

lure at antrum due to pressure intestines and abdominal wall microscopi- 

caused by palpable tumor mass cally adenocarcinoma of stomach degen- 

palpatlon revealed stomach and crating 

entire enteric tract thrown more to 
left on account of tlie mass in right 
upper and lower quadrants, stom- 
ach seemed fixed above mass 

Cases in which roentgen diagnosis was gastiic ulcer (5) 

No 102 Crater of large ulcei on lesser Opeiation, tunioi mass in stomach, livei in- 

cuivature, hour-glass deformity of lolved 
stomach 

No 172 Incisure of greater curvature of Operation tumor mass involving entire lesser 

stomach with slight irregularity curvature 

opposite suggesting gastric ulcer 

No 52 Gastric ulcer, gastro enterostomy Symptoms of cancel started 1 year later 
performed 

No 501 Definite defect of pyloius which is Massive cancel of pylorus, operation 
constant, dilatation of stomach, 
maiKed residue after 6 Iirs , diag- 
nosis ulcer of pyloric and duo- 
denal junction 

No 525z Gastric ulcer gastro-enferostomy per- Subsequent modified Sippy management for 
formed epigastric distress operation 8 mo later 

extensive cancer of lesser curvature 

Cases in winch roentgenologic diagnosis was duodenal ulcer (2) 

No 400 Duodenal ulcer with obstruction Operation , of cancer of stomach, with metas- 

tases to lymph nodes 

No 506 MaiKed obstruction in duodenum with Large indurated pyloric cancer 
50% retention in 23 hrs 
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Table 8 shows that the patients with lesections had s}mptoms for 
8 1 months — 1 month longer than those m whom exploration only was 
done, and 1 3 months less than those in whom gastro-enterostomy was 
done The experience of the Mayo Clinic shows that those who had 
resections had symptoms longer than those who had only gastio- 
enterostomy oi exploration Evidently theie is something m the type 
of growth, in addition to the duration of symptoms, which determines 
its lesectabihty The aveiage total duration of illness of the patient with 
cancer of the stomach in this senes was fiom 15 to 16 months, whether 
no treatment was given or whethei gastro-enterostomy or exploratory 
lapaiotomy weie peifoimed Patients with lesections lived, on the 

Table 8 — Relation of Duialion of Hines'; and Moitahiy to O fetation foi Cancel 

of Stomach 


Resection Gastro Entcrostomv r\ploration Onh No Treat- 
‘ ,, -* ,, » , ment 



r — ^ 

Dura Moi- 

Dura Mor 

Dura Mor- 

Dura 


tion of tal 

tion of tal- 

tion of tal 

tion of 


Illrcss, itv, 

Illnoss, it\ , 
Cases Mo % 

Illness, it>, 

Illness, 

Case Senes 

C ises Mo % 

Cases JIo fo 

Mo 

Our senes 

28 SI 

3'. 0 4 

20 71 



(before 

(before 

(before 



opei ition) 

operation) 

operation) 


McVicar and Daly 

524 10 9 

203 8 9 

432 8 2 



(befoie 

(befoie 

(befoie 



opei >tion) 

operation) 

operation) 


Cancer ivitli sudden onset 

12 0 

12 8 

1C 5 



(total 

(total 

(tot ll) 



cancer 

cancel 




illness) 

illness) 


15 S 

Cancer with preceding mdi 

13 5 

15 0 

13 5 

gestion 

(total) 

(total) 

(total) 



04 

54 3 

5SC 



aveiage, two months less The high moitahty from all operations and 
the similar mortalities foi lesections, gastio-entei ostomy and exploratory 
laparotomy are noted 

Whether a patient has his stomach resected oi not may depend 
somewhat on the hospital environment into which he falls — surgical 
skill, opportunities for preoperative and postoperative care, etc 
Whether more of these patients might possibly have had gastiic resec- 
tions is not known Sometimes the operative notes made one wonder 
whether resections might not have been possible, “freely movable 
tumor of pylorus , gastro-enterostomy done ” 

Resection — To the 28 resections in this series, 35 additional cases 
weie added,^^ making 63 for analysis 

11 The additional cases were collected from Detroit hospitals chieflj before 
and subsequent to the time of the aforementioned series , also from the Univer- 
sity of Michigan Hospital, Ann Arbor, 1926-1927-1928 Dr Fred A Coller of 
the Unlverslt^ Hospital permitted us to use the latter cases 
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Table 9 shows the anatomic location of these 63 resected growths 
Piacticall} all occurred m the distal half of the stomach, the greater 
numhci m the ])>Ionc and prepjloiic regions No resections of the 
pioMinal portion of the stomach weic attempted As noted previously, 
this IS important practicalh , the resectable grow'ths are more apt to 
ha\e easil\ recogni7ahIe symptoms, while the inaccessible ones high up 
tow'ard the caidia aie those w'hich more often start wnth atypical 
sjmptoms difficult to lecognize 

Table 10 show^s the relation of retention to postoperative death and 
leco^cly and to anatomic location (tabulating the cases in wdnch this 
information w'as a\ailable) 

Taiiii 9 — Rilatwn of fiialonitc Location of Sntv-Thi ce Resected Gastne 

Cancui to Postofei alive Results 
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Tapli 10 — Relation of Retention to Postopeiative Death and Rccoveii, and to 

Anatomic Location 
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It is evident that 

1 All pyloric grow^ths were associated wuth obstruction when the} 
came to operation 

2 Of those labeled pyloric and antral, the obstructive cases showed 
three times the mortality which the unobstructive did 

3 Growths extending to the midportion of the stomach, though 
showing little obstruction, nevertheless had a high postoperative mortal- 
ity, probabi} due to the extensive and difficult resections necessary for 
their removal 

4 Growths of the lesser curvature gave rise to less obstruction, 
and their resection w'^as followed by recovery of the patient in a high 
percentage of the cases , in this small series, they w'ere the most favor- 
able grow'ths for resection These develop on the basis of preexisting 
ulcer more frequenth than cancers elsewhere in the stomach 
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A palpable mass ceitamly is no contraindication to ladical removal 
Thirty-four of 53 chaits had a note that an epigastric mass was palpable 
In the remainder, this datum was not available Eleven of twenty-six 
patients who recoveied fiom lesections had a palpable mass 

As few autopsies were done, it was difficult to determine the cause 
of death m all instances Roughly, three groups of postoperative 
complications are usually distinguished (1) abdominal complications, 
chiefly leakage or peritonitis, (2) circulatory failures from shock, 
hemoirhage, acute cardiac dilatation, etc, and (3) pulmonary and other 
complications 


Table 11 — Causes of Posiofc) atwe Death lu Sniv Patients PoUoiuwg 
Paitial Gasti ectomv fo> Cancer 
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Totals 

19 

17 

12* 

12* 

90 



*92 per tent of total numbei of gastrectomies for cancer 


Many charts had a specific note as to the probable cause of death 
To this was added the information m the postoperative interns’ and 
nurses’ notes, a record of the temperature, the pulse record, etc For 
example A patient dying within from 24 to 36 houis ivith lapidly 
mounting pulse rate, vomiting blood, but having little pain, was thought 
to have died of shock or hemorrhage One dying within the first two 
weeks showing continued pi of use drainage from the wound, or having 
seveie pain in the abdomen, irregular temperature and relatively normal 
pulse rate until shortly before death was thought to have had leakage 
from the suture line or peritonitis Pulmonary complications seemed 
to group themselves readily in most instances by cough, rapid respira- 
tions, expectoration and freedom from postoperative abdominal com- 
plaints 

On a basis of this rough clinical interpretation, table 11 represents 
60 deaths in which data about postoperative complications were obtained 
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For compaiison, the causes of death following gastric resection in two 
years’ experience at the Mayo Clinic are included 

Apiiaiently, pulinonaiy complications account for only about 
one fifth of the total postoperative mortality Cardiac failure, hemor- 
rhage and shock account for anothei third Many of the so-called 
shock deaths were probably the result of alkalosis, etc , in patients 
who had toxemia due to retention With the exception of a small 
miscellaneous gioup, peritonitis accounts foi the remaining deaths — 40 
per cent Thus, pulmonaiy complications and genuine myocardial failure 
excluded, most of the complications were “inherent in the wound 
Itself ” 

So many of these patients come to operation m an exhausted state, 
, and so many cases of extensive and late cancers are accepted for resec- 
tion that there is considerable risk because of the lowered resistance 
of the patient Howevei, a stud)' of the charts indicates that further 
impiovement m recoveries from operation will come with more 
careful preopeiative preparation (repeated lavage and building up 
of depleted body fluids), deliberate and careful suturing and accurate 
hemostasis With the newer anesthetics (spinal, local, etc ) there is 
not so much premitim on speed in these cases, and it seems that imme- 
diate postoperative shock was more often due to hemorrhage or toxemia 
from a pool general condition than it was due to failure of the heart 
per se 

Another point which must be important is the extent of the resection 
Flow wide of the growth is the division of tissue^ A few of the 
patients with resections who recovered seemed to have had a local 
removal The lymphatics draining the stomach are numerous, and get 
outside the scope of operative removal in short order One reason for 
the lack of the success that gives rise to professional pessimism about 
cancer of the stomach — the feeling that even if the patient recovers, he 
IS doomed to a recurrence within a relatively short time — is, perhaps, 
that many resections are made too close to the growth 

The case to be described seems to illustrate this 

Case S499 — An apparently satisfactory posterior Polya resection of a large 
prepyloric gastric cancer was done, with good postoperative recovery After 
twenty-five months’ freedom from the condition, the patient was admitted to 
another hospital with signs of obstruction at the cardia, from which he died, the 
clinical diagnosis being inoperable carcinoma 

12 Personal communication to the authors from Dr Donald A Balfour 

13 As stated, this is only a rough interpretation from a study of postoperative 
records Dr Balfour 12 notes that pulmonary complications and peritonitis may 
both be found as the cause of death A small local peritonitis, not of itself suffi- 
cient to cause death apparently, may be the only obser\ation at autopsy 
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The pathologic report from the first institution contained the note “All of 
the stomach wall sent us shows diffuse (cancerous) infiltration to the serosa ” 

The queiy, in letiospect, is If the patient died of reciiiience at the 
cardia, would an anteiior Polya lesection and anastomosis which might 
have allowed moie of the wall of the stomach to be lesected have been 
better insuiance against lecuiience^ 

POSSIBILITIES rOR IMPROVEMENT AND CONTROL 

It IS evident where impi ovement will come 

1 It IS not appieciated that a mild indigestion, starting suddenly in 
persons of middle age, if tinieheved by only a few weeks’ treatment, 
wai rants suigical exploiation for so serious a condition as suspected 
gastiic cancer The concept is so unusual as regards the average con- 
sideration these patients get that it must be grasped as a new clinical 
entity b}'’ most physicians befoie much headway in control will be in 
evidence 

In this stage, the clinical histoiy of the illness is the all important 
element The knowledge that gastric ulcei is not common, the knowl- 
edge of the eai marks of cancerous indigestion, the knowledge that in 
many cases theie are no earmarks, the probable eiroi in the clinical 
confusion of ulcer and cancer aie more important than the physical 
examination, the laboratory data oi even the x-iay picture It is prob- 
ably not wise to urge people to suspect cancer of the stomach if the} 
have mild indigestion until theie is impi ovement in the clinical recog- 
nition of early gastric cancel 

2 Although the diagnosis is based in most instances on the loent- 
genologic examination, there is a certain element of erroi that must 
be appreciated 

3 Though much of the moitality from gastiic lesections is due to 
the weakened state of the patients, iinpi ovement will piobably come 
chiefly from caieful preopeiative preparation and caie in hemostasis 
and suturing 

SUMMARY AND CONCLUSIONS 

1 The popular pessimism concerning cancer of the stomach is well 
founded Perhaps 3 per cent of the total number of persons who have 
died from gastiic cancel have had the growth resected and recovered 
fiom the operation — have had the chance of cure that opeiative 
recovery from radical resection lepresents 

2 Of 287 fatal cancers of the stomach, 24 7 per cent weie preceded 
by long continued indigestion, 75 3 per cent staited suddenly from 
previous good health 
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3 Of those which staited suddenly fiom pievious good health, 69 
pci cent staited with symptoms which, though mild, were distinctly 
lefeiable to a pathologic disturbance in the uppei pait of the abdomen 
The chief pioblem is not the lecognition of symptoms, but the aiousal 
of suspicion that the} may be of seiious impoit 

4 Cancels that stait with atypical symptoms aie moie apt to be in 
the left half, the noniesectable poitions, of the stomach than toward 
the p}loius 

5 In the aiguments concerning the frequency with which chronic 
gastiic ulcer develops into gastiic carcinoma, the fact may be lost sight 
of that It IS not the frequency with which this takes place, but the 
difficult} of distinguishing clinically gastric ulcer from early carcinoma 
which is impoitant One thud of the 25 per cent of these patients 
who had had long continued indigestion had been given the diagnosis 
“typical ulcei histoiy”, one half of these had been under medical 
management for ulcei Ten per cent of the remaining patients whose 
cancels staited fiom preceding good health were noted as having a 
histoiy typical of ulcei 

6 Twenty-six per cent of the patients who had not been m hospitals 
had had loentgen examinations 

7 There is a definite though small eiror m roentgenologic diagnosis 
of cancel even when the groivth is well developed With a mildly but 
definitely suggestive clinical history of a malignant gastric condition, 
a negative x-ray picture should not entirely rule out cancer 

8 The pioblem as regaids treatment is doing more gastric resec- 
tions (since the mortality from gastro-enterostomy is high and a suc- 
cessful resection, if at all feasible, is a better palliative procedure than 
IS gastio-enterostomy) , and doing them with a lower postoperative 
moi tality 

9 Concerning the deaths following gastric i esections foi carcinoma, 
it may be said, in a rough clinical interpretation, that 20 per cent weie 
thought to be due to pulmonary complications , one third were due to 
circulatory failure, a small number of these cardiac failuie per se, the 
laigei proportion shock due to hemorrhage or toxemia from retention 
and dehydiation, and 40 pei cent were due to peritonitis 
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SUMMARY AND ANALYSIS OF FORTY-TWO CASES COLLECTED FROM 
THE LITERATURE, WITH REPORT OF TWO ADDITIONAL CASES * 

FRANKLIN JELSMA, M D 

LOUISVILLE, RV 

Prior to the publication of Putnam and Cushing ^ in 1925, great con- 
fusion prevailed as to the nomenclature and classification of hemor- 
rhage beneath the envelops of the brain Hemorrhage beneath the pia, 
arachnoid and dura and above the dura, as well as into the brain sub- 
stance itself, was often loosely designated as pachymeningitis hemor- 
rhagica or simply as intracranial hemoirhage These authors brought 
order to a division of this chaotic literature by establishing hematomas 
between the dura and arachnoid as a definite clinical entity Since their 
repoit, numerous studies and case reports have appeared in the 
literature 

In the treatment foi traumatic cases of the head, the prognosis often 
depends on the recognition of the exact abnormal condition present 
within the skull For instance, it makes a great deal of difference in 
treatment whether there is a cerebral laceiation or contusion, diffuse 
subarachnoid hemorrhage or a clot beneath or above the dura mater 
While the symptoms of subdural hematoma have been enumerated in 
previous contributions, no statistical study of the piominent symptoms 
associated with this malady has been made Therefore, I have care- 
fully selected from the literature forty-two confirmed cases of chronic 
subdural hematoma and have attempted to analyze the signs and symp- 
toms presented by each, in order to consider them collectively and 
determine the most characteristic features as indicated by their fre- 
quency of occurrence This information is presented in table 1 

ANALYSIS OF CASES 

I am aware that the number of cases summaiized in table 1 is not 
sufficiently large to allow one to select the exact observation in the 
average case of chronic subdural hematoma, yet it is considered better 
to analyze fewer cases of confirmed lesions than many cases with 
indefinite lesions and incomplete records It is believed, however, that 

'■ Submitted for publication, Jan 20, 1930 
From the Neurological Service of the Department of Surgery, Louisville 
City Hospital and University of Louisville, School of Medicine 

1 Putnam, Tracy Jackson, and Cushing, Harvey Chronic Subdural Hema- 
toma, Arch Surg 11 329 (Sept) 1925 
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the statistics ai rived at may be taken as charactei istic of the condition 
under consideration and may serve as a guide for further study The 
analysis has been made from the point of view of incidence, etiology, 
S3anptomatology moibid anatomy and treatment 

Incidence — It is interesting to note that in the cases mentioned, as 
shown 111 table 2, the incidence is fairl}'- constant after the second decade, 
while the average age of patients is 39 2 years Seven per cent occurred 
in females, while 93 per cent occurred in males The condition is not 
lare among children Schwaitz,- and also Burhans and Gerstenberger,^ 
leported several cases occurring m childhood 

Etiology — A review of the various predisposing and determining 
factors will not be considered here Putnam ^ reviewed the literature 
thoroughly in this connection and concluded that trauma is the only 
single antecedent factor common to all cases In only one case of my 
collection, that of Rosenbaum, was it definitely stated that trauma had 
not occurred No history of any kind was obtainable in two, no men- 
tion of trauma ivas made in two more Eighty-eight per cent had 
definite history of trauma, while 98 per cent may well have been 
traumatic, and only 2 per cent gave a history of no trauma having 
occurred Only twenty-five per cent received sufficient injury to produce 
unconsciousness 

Symptomatology — There is an extreme variability of symptoms 
A picture of the condition usually exists in the rough, but it is seldom 
that a clearcut, well rounded out picture of an intracranial lesion will 
develop The details are sometimes as conspicious by their absence 
as by their variety 

Dunn * defined and described a group of symptoms which he 
regarded as pathognomonic of the disease Generally there is a latent 
period lasting from a few days to several years, then headache followed 
by psychosis and later coma 

As an aid to the establishment of a definite clinical jiicture and 
better recognition of this condition, the frequency of the various signs 
and symptoms has been determined and a classification of the major 
and minor symptoms made 

Latent Period This is the quiet period extending from the time 
of injury to the onset of symptoms It was definitely present in 
70 per cent of the cases mentioned Its average length was seventy-six 
days in thirty-one cases, while only tw'’ent 3 ''-five da 3 "s if two of the 
particularly long cases were excluded 

2 Schwartz, A B The Etiology of Pachymeningitis Hemorrhagica Interna 
in Infants, Am J Dis Child 11 23 (Jan ) 1916 

3 Burhans, C W, and Gerstenberger, H J Internal Hemorrhagic Pachj- 
meningitis in Infancy, J A M A 80 604 (March 3) 1923 

4 Dunn, A D Pachj'meningitis Hemorrhagica Interna, Am J M Sc 
163 819, 1923 
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Lucid Intel val The lucid interval is the entne period between the 
injury and the onset of unconsciousness Coma was noted in 45 per 
cent of the cases The length of the lucid interval could be figured 
in fifteen cases, the aveiage being 264 days, however, omitting two 
protracted cases, the average is reduced to 35 3 days This is ten days 
longer than the average for the latent period, meaning that ten days 
was the average length of time elapsing from the onset of symptoms 
until coma developed On the other hand, there were seventeen cases 
in which the patient remained conscious 

Headaches Headache appears to be one of the most common 
observations, occurring in 79 per cent Forty-eight per cent of the total 
number of patients stated that headache was the first symptom noted 
It seems that it occurs m an insidious manner, continuall}’^ but gradually 
increasing until some patients are driven almost to desperation just 
before the psychosis occurs Seldom is relief secured by drugs, even 
though the patient may take excessively large quantities 


Table 2 — Age Incidence 
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Mental Changes Mental changes simulating those accompanying 
lesions of the frontal lobe, occurred in thirty-eight, or 86 per cent 
Bowen ® thought it improbable that subdural hematomas lead to ultimate 
insanity Instead he contended that hemorrhages found in the insane 
are the result of atrophy of the brain associated with mental changes 
Robertson ® likewise did not think hemorrhages to be the cause of 
insanity, however, instead of being the results of atrophy (as suggested 
by Bowen), he expressed the belief that they are due to congestion 
occurring in insane patients Hemorrhages are more often found m 
paretic and alcoholic psychopathic patients, and hyperemia of the dura 
IS more frequent in these patients than in others 

Seventy-nine per cent of the patients mentioned complained of 
drowsiness that deepened into coma in 57 1 per cent 

Motor disturbance was noted in 70 per cent , of these, 29 per cent 
were spastic, 32 per cent had weakness only, 16 per cent had complete 

5 Bowen, W H Traumatic Subdural Hemorrhage, Guy’s Hosp Rep 
59 4, 1905 

6 Robertson, G M The Formation of Subdural Membranes or Pacbv 
meningitis Hemorrhagica, J Ment Sc 39 203, 1893 
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paialysis, 12 pei cent had tuitchnigs and 19 pei cent had motoi aphasia 
Fifty-six piesented alteration in reflexes, particulai ly of the deep group 
The cianial nenes were in\oived in 47 per cent of the cases 
Within this group the olfactory, the fifth, the chorda t}mpani and the 
ninth nenes ^^ere invoked in 5 per cent, the ciliary pait of the third 
in 36 pel cent, some of the extia-ocular muscular group in twent}-six 
pel cent . the abducens in 21 per cent , the supranuclear portion of the 
seventh m 26 pei cent, and the infranuclear poition of the seventh 
in 26 per cent The seA^enth nene u'as lUA’^oked in 57 per cent of the 
cases Avith distuibance of the cianial ner\e The trochleai aaus iiiA’-ohed 
in 10 per cent and the hypoglossal iierA'-e in 15 per cent 

Remission of symptoms constitutes the remaining important obser- 
A’^ation, and occuired in 84 per cent of cases 

Theie is a difference of opinion as to whether remissions are caused 
b} successive hemorrhages or by the brain compensating for the 
increased pressure resulting from the clot These factors may be impoi- 
tant if chronic subdural hematoma is attiibuted to pressure. AAhich is 
an important factoi m many cases, Avhile in many others the mtia- 
ciamal pressure is not increased and m a still laiger number it is not 
equal to that necessaiy to produce death in other lesions, as in the case 
of new groAVths There may be another factor, perhaps chemical, 
resulting from the clot, which exeits a lethal effect 

The group of symptoms giA'en constitutes the factors which ma} 
be termed major s}mptoms. wdiile those which folloAv may be classed 
as minor symptoms 

Vomiting Avas noted m 29 per cent nystagmus m 11 per cent and 
sensory disturbance in 12 5 per cent The pulse rate AA'as found to be 
beloAv 60 in 18 16 per cent and aboA'^e 100 in 9 per cent In 13 per 
cent, the temperature Avas aboA^e 100 F while m 6 per cent it AA'as sub- 
normal Irregular respiration A\'as noted late in the course of the 
disease in 11 per cent of the fatal cases The opthalinoscopic obser- 
A'ations rcAealed hemorrhages into the letina in 11 per cent of the cases 
papilledema or choked disks in 40 per cent and engorgement of A'essels 
alone in 4 per cent In regard to laboratorj obserA ations, 6 81 per 
cent showed leukocytosis 13 per cent albumin in the urine and 13 per 
cent xanthochromic spinal fluid Roentgen examination revealed frac- 
ture in 4 5 per cent of the cases 

Mojhid Anatomy — Hematoma W H Holmes’ stated that all 
other intracranial hemorrhage is arterial, but this is Aenous and results 
from tearing a small A’-ein A\diich enters the tributaries of the longitudinal 
sinus BoAven ^ gaA'e as the probable origin of the blood (1 ) the mam 

7 Holmes, W H Chronic Subdural Hemorrhage Arch Xeuro! & 
PsA'chiat 20 162 (Juh ) 1928 
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arteries enteiing the skull, of which he had two cases, (2) meningeal 
vessels, of which he had two cases, (3) sinuses of the dura, of wdiich 
he had thiee cases, (4) vessels of the pia, and (5) cerebral vessels 
He considered the pial vessels the most fiequent souice 

Langer and also Mittenzw'eig,® lepoited the piesence of veins in the 
parietal region far from the sinuses fiom wdiich the hemoirhage may 
occur In one case'’ of the foiegoing group, examination at neciopsy 
seemed to point to the middle meningeal aiteiy as the origin 

In 34 pel cent of the foiegoing cases the location of the trauma 
as w^ell as that of the clot w'as knowm Of these, the clot was found 
on the same side as the trauma in 80 pei cent and on the opposite 
side in 20 per cent 
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Bile pigment was noted in 69 3 per cent of the hematomas examined 
From the high concentration of bihiubm,'’ as pieviously detei mined, 
along with the work of Essick and later that of Weed in regard to 
the cells of the arachnoid, it may w^ell be said with Rich that the 

8 Mittenzweig, quoted by Putnam and Cushing (footnote 1) 

9 Griswold, R A , and lelsma, F The Relationship of Chronic Subdural 
Hematoma and Pachymeningitis Hemorrhagica Interna, Arch Surg 15 45 (July) 
1927 

10 Essick, C R Formation of Macrophages by the Cells Lining the Arach- 
noid Cavity in Response to the Stimulus of Particulate Matter Contributions 
to Embryology, Carnegie Inst Contrib , Wash 1920, IX, No 272, 377-388 

11 Weed, L H The Cells of the Arachnoid, Bull Johns Hopkins Hosp 
31 343, 1920 

12 Rich, A R The Formation of Bile Pigment, Physiol Rev 5 182 19- 
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meninges appear to be an exceptional!}'- favoiable site for cr 3 'stallization 
of a bile pigment ivithin living cells 

The oldei the case, the moie completely the clot will be oigamzed 
The likelihood of successive hemoirhages and the impoitance of this 
theoi\ have ne^er been established Lamination of the clot was used 

•j 

as argument for successu e hemorrhages, but Putnam ^ stated that 
Wigglesworth repoited lamination of a hematoma formed b}' a single 
hemorrhage It is also known that the clot does not oigamze evenly 
throughout Fift 3 '-four per cent of the hematomas consisted of liquid 
matter as well as clot, 37 per cent were thorough!} clotted and 13 per 
cent were practical!}' wholl}' fluid 

Cerebrum The intracranial pressure is often increased Cases 
ha\e been reported in which the biain was compiessed for six weeks 
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or more, with perfect recovery ]\IcBurney repoited a clot of seven 
tears’ duration with the gray matter gone and palsv Ustialh the 
depressed, and often discolored, cortex is not injured grossl} or micro- 
scopical]}, regains its normal contour and begins to pulsate shortly after 
removal of the clot is effected 

Ticatment — Palliative treatment in these cases seems to be of little 
avail Massive doses of drugs have been taken for the headaches, with 
little or no relief Spinal punctures have been performed and intra- 
v'eonus hypertonic solutions have been given, but onlv temporarv remis- 
sion of svmptoms has been secured 


13 McBvirnev, quoted bv Bowen (footnote 5) 
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The operative lesults have been most favorable As soon as the 
diagnosis has been made, plans for the removal of the clot should be 
made at once 

Localization of the clot can most often be made by the focal symp- 
toms, and every means should be employed to do so before operation 
Bilateral exploration by means of burr holes and dural punctures has 
been of gieat value, is less dangerous, is moie easily perfoimed, causes 
less delay and aftords more desirable inspection than by ventriculograms 
If no information is secured by tins means, a ventricular estimation 
or a ventriculogram may leadily be secured through one of the cranial 
dural punctures already made 

Whether or not an osteoplastic flap or decompression openings 
should be employed depends on tbe condition of the patient The 
osteoplastic flap seems prefeiable if moie time may be used and the 
patient is able to stand the increased manipulations Bernard Sachs 
and Elsberg i aised an osteoplastic flap twenty days after per- 
forming a decompression, with incomplete removal of the clot Putnam ^ 
reported good lesults from the simple drainage of fluid, with no attempt 
to remove the clot It would seem a good principle to do whatevei 
the patient is able to stand m order to remove as much of the clot as 
possible Oozing and bleeding are not marked, so the field can usually 
be left dry Drains were used in 17 per cent of the foregoing cases 

Spinal punctures and intravenous injections of dextrose, 50 oi 
60 per cent, are of value to combat the postoperative edema during the 
first three or four days 

In this series, 77 per cent of the patients came to operation, 83 per 
cent of those with operative cases recovered 

ADDITIONAL CASES 

Case 1 — Tianmahc siibduial hematoma zmih onset of symftojiis sn days 
aftei tiauma, psychosis, coma Btlateial bun holes, osteoplastic flap, removal 
of clot, decompi ession and lecoveiv 

B T , a negro, entered the hospital in a semicomatose state on Sept IS, 1928 
The history as secured from his wife was that he had been drinking freel} 
until the time of injury Two weeks before admission, the patient returned 
home intoxicated, with evidence of having received a blow in the occipital region 
At this time he also fell against the stove and received an additional injury on 
the right side of his head He continued to work as usual until six days later, 
uhen he began to complain of pam in the right side of his head with a severe 
generalized headache The headache was unrelenting, so the patient sought relief 
by taking large quantities of a proprietary opiate which he bought at the drug 
store About ten dajs after injury, relatives noted a definite change in his menta 

14 Sachs, Bernard , and Elsberg, C Extensive Subdural Hematoma After 
Trauma, New York M J 104 633 (Sept 30) 1916 
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attitude Three days later (September 13), the patient returned home irrational, 
and the next morning he was found unconscious m bed At the time of admis- 
sion, he was in a semicomatose state , his pulse rate was 44, strong and full , the 
temperature was 100 F , and respiration was 60 The coma gradually became 
more profound The results of a general physical examination were negative 
The original site of trauma had healed 

The right pupil was fully dilated There was slight deviation of the right 
eye externally, eye movements could not be elicited The optic fundi were nor- 
mal As far as could be ascertained, the other cranial nerves were normal 

There was a spasticity of the left side of the body, including the upper and 
lower extremities Twitchings of the left arm were noted The right side of the 
body and the extremities were flaccid (This was interpreted as being natural 
because of the comatose state ) The deep reflexes were exaggerated on the left 
side The abdominal reflexes were absent There was no ankle clonus, Gordon’s 
sign or Oppenheim’s sign 

The laboratory observations w'ere largely negative The urine w'as normal 
The blood showed white blood cells, 11,000, polymorphonuclears, 84 per cent 
The spinal fluid was xanthochromic and under normal pressure, with 15 cells, 
8 lymphocytes and 7 polymorphonuclears A trace of globulin was found 
Cultures of the spinal fluid w^ere negative The chemical analysis of the blood 
was negative Roentgenograms revealed no fracture of the skull 

A diagnosis of “subdural hematoma” was made, and immediate operation w'as 
planned With the patient under local anesthesia, a burr hole w'as made m 
each temporoparietal region, and the dura was opened Nothing w'as found on 
the left side 

An osteoplastic flap w'as turned on the right side The dura w'as fairly tense 
and of a greenish-brown hue It was opened freely, and a clot covering the 
entire hemisphere, about 3 to 4 mm thick in some places, was removed 

A glistening membrane enveloped the clot It was attached to the dura but 
not to the arachnoid The center was of a semiliquid consistencv Before the 
entire clot had been removed, the patient regained consciousness and talked The 
subdural space was lavaged carefully, and all particles of the clot w^ere removed 
The brain was only slightly compressed, it pulsated freely The dura was closed 
with a gutta percha drain to the arachnoid (This w'as remoied in fort> -eight 
hours, and little drainage w'as noted ) A subtemporal decompression w as per- 
formed, and the flap was replaced 

Section showed a partially organized clot The outer portion attached to the 
dura was composed of fibrous tissue Many well formed capillaries were scat- 
tered throughout the layer and large endothelial-lined spaces, some of w'hich 
contained red blood corpuscles, were side by side beneath the dura There w'ere 
many mononuclear leukocytes, w'lth deposits of greenish granules m their cjto- 
plasm A moderate amount of homogeneous, stained, granular material resem- 
bling calcium deposits was found throughout the organized tissue A single lajer 
of flattened cells on a thm layer of fibrous tissue covered the inner confines of 
the clot 

Convalescence w'as uneventful, except for headache on the second and third 
daj's The temperature, which had ranged to 1024 F before operation, receded 
rapidly and remained normal after the third postoperative daj Consciousness 
and rationality returned w'hile the patient was on the operating table There were 
no more twitchings of the left arm, and he was able to use his arms and legs 
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normally He left the hospital on the twelfth postoperative day, a little weak, 
but otherwise well He returned to the follow-up clinic five weeks later, he 
had no complaints and nothing abnormal was found He was working and living 
his normal life 

This IS a typical case of chronic subdural hematoma the history 
and the observations before and at operation, as well as the conva- 
lescence It IS interesting to note, however, that because of the large 
amount of the proprietary drug ingested, a provisional diagnosis of 
“drug poisoning” had been made The right-sided flaccidity could easily 
have been interpreted as a paralytic lesion of the left side of the 
cerebrum This case beais out the wisdom of Putnam’s suggestion of 
explorator}’- punctures 

Alcohol ma} well hare been the predisposing cause, but this, aside 
from tiauma, the inciting cause, was the only one present of the many 
factors mentioned by Bowen ° Calcium deposits have been men- 
tioned by others Its concentration was insufficient to show m the 
roentgenograms 

Case 2 — Suhduial hematoiua^ chtoutc, on^ct of ‘rvmptoms nine davs aflo 
tiauma, psychosis, coma, light siibtcmpoial dccompt cssion, icmoval of clot, 
} ecoveiy 

R I , a white woman, aged SO, entered the hospital on March 22, 1929, directlj 
after having been struck by a car The patient walked but complained mostly 
of pam in the lumbar region 

The results of a general physical examination at this time were essentially 
negative except for the blood pressure, 190 systolic and 110 diastolic, tenderness 
elicited over the lumbar spine, and a hematoma in the occipital region 

The results of the neurologic examination were negative The spinal fluid 
was clear and under normal pressure 

A headache of three days’ duration and some general weakness were the 
main factors during the next seven da 3 's At this time the headache reappeared 
There were a weakness of the right facial nerve (supranuclear) and ptosis of 
the right eyelid with diplopia of a transient nature The optic fundi were 
normal 

The deep reflexes were hyperactive on the right side The patient became 
irrational and gradually more drows}', until at the time of operation she was 
in a state of coma In the meantime, the spinal fluid had become xanthochromic, 
one pressure reaching 200 mm of spinal fluid The leukocytes rose to lO.OaO 
The urine remained normal Roentgenograms did not reveal a fracture of the 
skull The chemical analysis of the blood gave negative results 

A diagnosis of “chronic subdural hematoma” was made, and moderate right 
subtemporal decompression was performed Pulsations were absent The dura 
w'as of a greenish-browm hue, it was opened, and a partially organized clot was 
exposed In the center w'as a brownish-red liquid The tumor covered practi- 
cally the entire hemisphere By means of a brain spoon, liberal quantities of 
physiologic solution of sodium chloride, cotton pledglets and suction, it w'as 
entirely remoied The thicker, central mass was removed in large pieces The 
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usual smooth membrane covered the clot and was not adherent to the arachnoid 
The brain was compressed, but soon pulsated 

The patient rallied on the table The field was left dry The dura, as well 
as the rest of the wound, was closed tightly 

Section showed a fibrous layer immediately attached to the dura (A portion 
of the dura was not removed ) Endothelial leukocytes and red blood corpuscles 
were found m the interspaces The capillaries were numerous A number of 
large, irregular, endothehal-lined spaces containing red blood corpuscles were 
arranged side by side with only a small fibrous tissue strand interposed between 
them and the under surface of the dura Only a few capillaries and fibroblasts 
extended into the clot proper The inner surface of the clot was covered with a 
thin layer of fibrous tissue and a single external endothelial layer 

On the third postoperative day, the patient complained of general bodily pain 
and headaches From then on she improved steadily, and was able to sit up 
on the fifth day She left the hospital on the twelfth day in good condition 
She was seen three months after discharge, and no residual signs or symptoms 
were found 

In this case the patient had no complaints ref ei able to the head 
on entrance how^ever, within seven days a cleai picture of subdural 
hematoma had presented itself It was possible to follow the case 
through Its entire course, because relatives refused earlier operative 
intervention The patient gave a history negative for alcoholism 

SUMMARY AND CONCLUSIONS 

1 Chionic subdural hematomas occur more frequently than is gen- 
erally realized From the second to the seventh decade, the rate of 
incidence remained about the same for each ten year period Several 
cases have been reported in infants 

2 Trauma is accepted as the determining factor It is usually of 
such slight degree as to cause little immediate change 

3 The most important and the most constant clinical observations 
aie latent peiiod, lucid interval, headaches, mental changes, drowsiness, 
motor disturbances, change in reflexes, disturbances of the cranial nerve, 

1 emission of symptoms and coma The mean average occurrence of 
these factors is 67 per cent 

4 A group of minor factors is vomiting, nystagmus sensory dis- 
tuibance, vaiiation in temperature, pulse and respiration, abnormal 
fundi, xanthochromic spinal fluid and leukoc 3 'tosis The mean average 
occurrence of these factors is 19 7 per cent 

5 The hematoma is not completely organized is attached to the 
dura and is enveloped by a membrane composed of fibrous tissue with 
a inesothelial covering Clot occurred on the side of the injur} in 
80 per cent of the cases 

6 Operatne treatment gnes the best results S3 per cent of the 
patients on whom operations rvere performed recovered 
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7 Complete removal of the clot through the osteoplastic flap is the 
operation of choice, if the condition of the patient ^\lll permit, and 
accompanying decompression is of value 

8 Bilateral burr holes and subdural exploiation are advisable in all 
cases, and would seem preferable to ventriculograms 

9 Dextrose, from 50 to 60 per cent given intravenously, and spinal 
punctures are usually sufficient to take care of the postoperative con- 
gestion and edema 

10 Drains are seldom necessary in these cases 
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An outstanding chaiacteiistic of all neoplasiiis is then tendency to 
lepioduce to a limited extent the design and function of the paient tissue, 
emphasizing the impoitance of histogenesis in the interpretation of their 
pathology In tumois of the giant cell group attention on the pathologic 
side has been dn ected usually to only the histologic appearances of these 
lesions, and because of this shortcoming, much confusion has arisen in 
classifying these giowths, the microscopic leseinblance of some of these 
tumors to gianulation tissue haAong led to a seemingly endless debate 
legal ding their inflammatory or neoplastic natuie In the studies sum- 
marized in this aiticle, attention has been directed to tlie histogenic 
lather than to the histologic aspects of these lesions, and by an anaL=i. 
which traces the origin of these tumors to embryonic functions, a fun'^Ia- 
mental pathologic relationship has been established between Aanc- - 
torms of giant cell tumors heretofore considered undei separate he?'-*- 
ings and as individual entities 

In the following pages, a pathologic lelationship between the fe -- 

clinical entities of the bone cyst, the giant cell tumoi in the Jon" 
and the skull, the epulis of the alveolai boidei and giant cdl t r ' 

the xanthoma group found in the tendon sheaths is unfolded 

elusions presented are from an analysis of oaci 400 cases ’ a*"-' -- 
ported by data in regaid to the age incidence, location, IintoV 
course and embryologic leJationship of these tumois which - 

in this paper 
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THE BONE CYST 

Although the limits of osteitis fihiosa have been widely extended 
since the time of von Recklinghausen - to include a multiplicity of 
entities, the solitary bone cyst which is a form of osteitis fibiosa found 
usually in the shaft of the long bones of young adults presents certain 
uniform chaiacteiistics which thiow much light on the nature of the 
pathologic piocess involved 

Foremost among these chai actenstics aie the clinical featuies of the 
age incidence and location of these tumois In 205 cases of osteitis 
fibrosa, these expanded and cystic areas of cential bone destinction are 
found, in moie than 80 pei cent of the cases, to occur in patients undei 
21 years of age Furtheimoie moie than 80 pei cent of these lesions 
aie situated in the upper end of tliiee long bones in the region of the 
metaphysis These piedominant sites are the upper end of the femui, 
the upper end of the humerus and the uppei end of the tibia In the 
femur they aie in the region of the greater trochanter, in the humeuis 
they are in the legion of the greater tubeiosit} , and in the tibia they are 
in the region of the tuberosity near the epiphyseal line The roent- 
genograms illustrate this point They show an aiea of bone destiuction 
in a central location neai one end of a long bone, overlaid by a cystic 
expansion of intact thin cortical bone At the point m the shaft of the 
bone thus weakened, a pathologic fractuie fiequently occuis and with 
the exception of swelling, such a fiactuie is the most frequent sy'mp- 
tom of onset Clinical follow-ups show that these lesions aie always 
benign and tend to heal after fracture The aveiage duration of symp- 
toms is two and a half yeais, and no patient has ever died fiom the direct 
cause of the disease 

The occuiience of these lesions in young patients and near the 
epiphyseal line leads natuially'^ to the conclusion that they are associated 
with an area of new bone foimation , for we know that ossification is not 
complete in these legions in which bone cysts are most frequent at the 
time of life at which they occui 

When these lesions aie examined pathologically howevei we are 
confronted with unexpected lesults Instead of the area of newly 
foimed bone pioceeding from caitilage which we would expect to find 
in this metaphyseal location and at this age, an evacuated cavitv, gen- 
erally partially filled with serous fluid is found Theie is no lemnaiit 
left in many cases of bone newl\ formed fiom caitilage but instead 
there is a shell sunounding the cavity', of fibious tissue o^ellald by nen 
bone formation of a dififeient chaiactei The fibious tissue is tich m 

2 Von Recklinghausen Die Fibrose oder deformierende Ostitis die Osteo- 
malacie und die osteoplastiche Carcinose, Festschr 7 Rudolf Vircliou, 1891 
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intei cellular mateiial, and at many points the fibroblasts are being trans- 
foimed into osteoblasts which aie laying down new bone directly and 
not via the cartilaginous route Our studies of this tissue lead to the 
conclusion that this tissue of fibroblasts and new bone is not an inflam- 
matory reaction as is currently believed, but an extension of the func- 
tion of the subpei losteal type of new bone formation and represents a 
healing reaction 

This conclusion is home out by the work of Macewen/ who m his 
experiments on the growth of bone inside of glass tubes produced a type 
of ossification fiom fibious tissue identical with the areas of new bone 
seen in sections of osteitis fibrosa (fig A B, Arch Stirg 19.185 [Aug ] 
1929) The microscopic appearance of the tissue which shows essen- 
tially a proliferation of young fibroblasts and osteoblasts resembles moie 
a repair process than inflammation This repair process is nonspecific 
and occurs in bone about many different types of bone destioying 
lesions It occurs not only in the wall of a bone cyst but also about 
foreign bodies in the bone, abscesses in the medullary cavity giant cell 
tumors, secondary metastatic tumois of the bone and even about pri- 
mary bone sarcoma 

Pathologically, therefore, osteitis fibiosa is not an entity but a heal- 
ing reaction around an aiea of bone destruction The solitary bone cyst 
under discussion shows such an area of bone destruction in the foim of 
an enclosed cavity, and about it is the typical healing leaction which we 
believe is best termed fibrostosis (indicating new bone formed diiectlv 
from fibroblasts) Clinically and pathologically, it would seem that the 
bone destructive process often progresses without noteworthy symptoms, 
foi when we recognize the condition clinically^ and make the diagnosis 
oi explore, the bone destiuctive phase is piactically'^ alwa\s complete and 
nothing IS encounteied but the healing phase This fibroid piocess of 
lepair sometimes extends over a peiiod as long as foity'--five years and 
then a latent bone cyst is lecogmzed The peisistence of this healing 
leaction is due to nature’s difficulty'- in collapsing a cavitv with rigid walls 
and when fractuie oi a ciushing procedure at operation aids m collapsing 
this cavity, the lesion heals 

Histologic Valiant'; of the Bone Cyst — The question aiises as to 
wdiat IS the oiiginal bone destiuctive process in the bone cyst In the 
a\eiage case the lesion is of about tw'^o and one-half yeais’ duration when 
fiist obseived, and at the end of such a peiiod the process responsible 
for the area of bone destiuction has disappeared When bone cysts are 
giotiped according to the duration of symptoms howe\ei and the group 

3 ilacewen, Tlie Grow t)i of Bone, Glasgow James ^^lacellio^e and Sons, 

1912 
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m which the symptoms aveiage six months aie examined, we aie able to 
discover by pathologic examination the nature of the process which 
forms this cavity m the bone The x-ray picture in this group of early 
cases shows a metaphyseal location and a polycystic structure Forty-six 
cases of the senes of 205 bone cysts were m this group Microscopicall>. 
they were all classed as giant cell variants of osteitis fibrosa By this is 
meant that aieas of large multmucleated giant cells embedded in a stroma 
of round cells (tissue typical of a giant cell tumoi) were always found 
m early cases of bone cyst examined pathologically 

In other words, we are inclined to the belief that the bone destructive 
phase of osteitis fibrosa is characterized b}^ typical giant cell tumor tissue 
More broadly stated, the average solitary bone cyst in the long bones is 
a healed or healing giant cell tumor Not only do forty-six early cases 
of 205 cases of osteitis fibrosa show maiked giant cell areas, but sixty 
cases of giant cell tumoi of a senes of 226 cases show a healing change 
toward osteitis fibrosa, most marked at the margins of the tumor, but 
also infiltiating toward the center 

This does not mean that all bone cysts aie healed giant cell tumoi s, 
nor IS it ti ue by any means that giant cell tumors will all progress toward 
a healed state of osteitis fibrosa In bone cysts 2 per cent of the cases 
can be shown to have a bone destructive phase due to a foreign body or an 
abscess, and in about 20 per cent of the cases rather loosely classed as 
osteitis fibrosa, some primary disease, such as osteomalacia, Paget’s 
osteitis deformans, fragihtis ossium or osteo-arthntis is responsible foi 
this cyst foimation The majority of solitary bone cysts (78 per cent), 
however, show then lelationship to a preceding giant cell tumor phase by 
the peisistence of giant cell areas which are most frequent in the younger 
cysts with a shoiter duration of symptoms This is particularly true of 
so-called polycystic osteitis fibrosa, which in addition to many areas of 
giant cells indicates the origin of the large sohtaiy cyst by demonstrating 
the mode of fusion of smaller cavities embedded in giant cell tissue 
This lelationship is also evidenced by the fact that the bone cyst arises 
on the metaphyseal side of the epiphyseal line, bordering on the epiphysis 
where all giant cell tumors occur, and by the fact that the typical giant 
cell tumor in the epiphysis shows the same healing reaction of fibro- 
ostosis or osteitis fibrosa at its margin, although to a less marked degree 
The next question to arise is why the giant cell tumor m the epiphysis 
fails to heal and is a progressive lesion, wheieas the bone cyst which 
arises close to the same region presents a predominately healing reaction 
The explanation lies in the difference between the anatomic structure of 
the epiph}sis and the metaphysis Both have areas of new bone forma- 
tion derived from cartilage, and both exhibit a bone destructive tumor 
chaiactenzed by giant cell areas But the epiphj’^sis lacks the defensive 
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mechanism represented by the thick cortex of the metaphysis and diaph- 
ysis of the long bones, and the overlying periosteum which, as 
Macewen ® has pointed out, is equipped in the shaft and the metaphysis 
with a rich and vascular osteogenic layer, not found m the epiphysis 
after the age of 3 Hence, the giant cell tumor progresses in the 
epiphysis, wheieas this bone destructive lesion on the shaft side of 
the epiphyseal line is reacted to effectively by the cortical bone of the 
metaphysis and as the bone glows, the tumor area is pushed toward the 
region of the midshaft within the protectn^e confines of the thick 
cortical bone as a walled-off cavity 

NATURE or THE GIANT CELL TUMOR 

The conclusion that the usual bone cyst is an arrested giant cell 
tumor carries us into the study of the nature of the giant cell tumor m 
a quest for the origin and etiology of this lesion The t 3 ’’pical giant cell 
tumor shows an area of bone destruction occurring m the epiphysis of 
a long bone, and overlying this area theie is a thin shell of bone 
which in many instances is perforated In our series of 226 cases the 
average age of the patient is about a decade beyond the average age foi 
the bone cyst The lesion may occur at any age, but most frequent!) 
the patient is in the decade of life between the twentieth and thirtieth 
years The age incidence of giant cell tumor when contrasted with that 
of osteitis fibrosa emphasizes that the difference between these lesions 
IS essentially a difference in the degree of healing, lather than m 
pathologic nature The age curves of these growths (fig 31, Aich 
Sw g 19 220 [Aug ] 1929) show that as the healing power of the bone 
cell declines with the advance in the age of the patient, bone cysts 
decrease m frequency while giant cell tumors increase 

The uniformity with which the giant cell tumoi occuis m the 
epiphysis, and the fact that new bone formation occuis here until late 
in life leads to the conclusion that the pathologic process imolved 
IS associated with the formation of new bone from cartilage taking 
place in this region Pathologic examination of these lesions confirms 
this conclusion, for microscopically cellular elements characteristic of 
a phase m the ossification of cartilage are found 

The tissue of giant cell tumor is rich m giant cells vhich contain 
fiom 15 to 300 nuclei These large cells are embedded m a cellular 
stroma containing man) round cells the nuclei of which resemble the 
nuclei of the giant cell In the cellular stroma occasional spindle cells 
are found and also small blood vessels and frequenth fresh hemor- 
rhage The round cells of the stroma seem to be related to the giant 
cells The spindle cells are related to areas of osteitis fibrosa and the 
hemorrhagic areas to stiands of nenh formed capillaries 
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The vascular and cellular stioma seen in giant cell tumor resembles 
the tissue seen when the mai row cavity is being f oi med in the embryo 
The giant cells that piedominate the microscopic picture resemble the 
iaige osteoclasts which are associated with the resorption of calcified 
cartilage that takes place m the histogenesis of bone derived from 
cartilage Embryologic studies earned out to determine this point have 
led to the conclusion that the giant cell tissue observed m giant cell 
tumors coi responds in nature and stiucture with a normal phase in the 
substitution of calcified cartilage b}’^ permanent bone 

The Role of the Giant Cell m the Histogenesis of Bone — In the 
embryo, the long bones are pieformed in caitilage, and ossification 
begins in the center of the shaft and works its way toward the epiphysis, 
leading the metaph}sis and the epiphysis (the latter with a separate 
center of ossification) to be ossified in later life The cartilage cells 
initiate the bone formation by la3mig down an increased matrix which 
becomes calcified, they then atrophy within the small calcified chambeis 
known as the piimary areolae The giant cells appear on the scene 
aftei this tempoiary calcified structure has been laid down They 
travel inwaidly towaid the calcified shaft from the primitive periosteum 
and penetrate the small rim of subpeiiosteal osteoid tissue to gam 
entrance to the central calcified aiea In then wake they carry new 
blood vessels and primitive osteoblasts, and once inside of the calcified 
central area, destroy it, ci eating the medullary cavity 

This penetrating role of the giant cell, in the embryo, which provides 
for vascularization and the resorption of temporary bone, we believe 
IS duplicated m giant cell tumor 

Giant Cell Tuinois of the Skull — If the view is coirect that the 
giant cell tumor pieserves its embiyonic bone-destro)nng functions, 
and this tumor is fundamentally lelated to the proliferation of osteo- 
clasts in bone newly formed from cartilage, then a study of giant cell 
tumors of the head should furnish valuable evidence in confirmation of 
this view For we know that a large part of the bones of the skull 
and face aie formed from membrane, and therefore, the typical giant 
cell tumors that occur in the head should not arise in these bones, but 
only in those derived from caitilage Twenty-two giant cell tumors of 
the head were examined in an endeavor to prove or disprove the rela- 
tion of giant cell tumors to cartilaginous bone Briefly, the results were 
as follows Two of the lesions were found in the temporal fossa, 
fourteen were found in the lower jaw, and six were found in the upper 
jaw or maxilla A stud}'- of the clinical history and x-ray pictures 
showed that the two lesions in the temporal fossa arose from those 
portions of the sphenoid bone derived from cartilage The fourteen 
lesions of the mandible could be accurately located in twelve cases 
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Nine of these weie in the region between the sjanphysis and mental 
foramen, just at that point where Meckel’s cartilage aids m the 
formation of the lower jaw, and the other three lesions were m the 
ramus at the site of another cartilaginous center of ossification Some 
difficulty was encounteied in establishing the origin of central giant cell 
tumois of the upper jaw The maxilla is formed from membrane, 
but the six lesions in this bone showed a unique tendency to present 
alwajs into the antrum or the orbit, and when carefully traced, it was 
found that the ethmoid bone, which is formed from cartilage, and 
which bordeis on both the antrum and the orbit, was responsible for 
the origin of these tumors 

Epulis — A study of giant cell tumors of the head has confirmed the 
view that these tumors are related to the process of new bone formation 
proceeding via cartilage Another form of giant cell tumor which 
occuis on the alveolar border of the upper and lower jaws must now 
be considered from this standpoint The lesions in this locality haAC 
been known for centuries under the name of epulis, and this appellation 
which means “upon the gums” has been responsible for the inclusion of 
a multitude of miscellaneous and extraneous entities under this categorj 
When a careful analysis is made, it is possible to split off from this 
collection a clinical entity composed of a giant cell and a fibroid type 
of epulis Histologically, the giant cell epulis resembles the giant cell 
tumor, and the fibroid epulis resembles osteitis fibrosa, once more 
illustrating the relationship of these two lesions, the one a destructive 
phase, the other a predominantly healing reaction It is to be inferred, 
therefore, that the epulides are homologous lesions to the giant cell 
tumor and the bone cyst, and we must explain how these lesions arise 
independently of a cartilaginous center of ossification For Bloodgood ■* 
has shown that these tumors aie derived from the alveolar dental peri- 
osteum, and this periosteum along the borders of the upper and lower 
jaws rests on membranous bone and not on bone derived from cartilage 
Apparentty, these lesions constitute an exception to the general rule 
just formulated, but the matter must be considered in more detail 

Clinicalty, the tjpe of epulis under consideration occurs in }oung 
people, mostty between the ages of 6 and 30 In our series of cases, 
we have never found this tjpe of epulis m a patient under 5^2 j^ears, 
nor in a patient over 43 jears Another unique observation m our 
senes of cases (and borne out by 178 cases collected by Scudder®) 
was the fact that the tj pical epulis rarely occurs at the site of the last 
molais Once again the age incidence and location of the lesion give 

4 Bloodgood J C Epulis Am Pract Surg 6*818, 1909 

5 Scudder, C L Tumors of the Jaw, Philadelphia W B Saunders Com- 
pain, 1912 
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the clue to the pathology These molar teeth, where the epulis does 
not arise, are permanent and not deciduous teeth, and the age limit on 
the lower side in which children under 5 are shown not to be subject 
to epulis, IS the period before the shedding of the deciduous teeth We 
come to the conclusion, therefore, that the epuhdes arise in the process 
of shedding the deciduous teeth It is interesting and more than sug- 
gestive that these deciduous teeth are temporary bony structures just 
as calcified cartilage m the epiphysis and the metaphysis of the long 
bones and in the chondiocranium of the skull is a temporary bony 
structure The epulis, therefore, is thus related to the process of the 
resorption of the tempoiary bony structure of the deciduous teeth It 
now remains to be demonstiated whether the giant cells here as else- 
wheie are osteoclasts active as agents in the resoiption of the temporary 
bone Histologic studies of the roots of the deciduous teeth at the ages 
that the milk teeth aie being shed show this to be the fact At this time 
there is a proliferation of giant cells (in this case odontoclasts) which 
arise from the peiiosteum and attack the cementum of the roots of the 
deciduous teeth and loosen them, preparing the way for the eruption 
of the permanent teeth 

Giant Cell Titmois of the Xanthoma Gionp — Giant cell tumors of 
tendon sheaths which have been traditionally classed with the so-called 
xanthoma are with difficulty brought into line with the conception 
entertained here of the relationship of temporary bone lesorption to 
giant cell tumor 

Fortunately, the records of two giant cell tumors of the patella 
demonstrated that a sesamoid bone embedded m a tendon may give 
rise to this type of lesion m soft part structures A study of other 
sesamoid bones shows that these small bones, which are derived from 
cartilage are situated most frequently at the metacarpophalangeal joints 
of the hands just where giant cell tumors of the tendon sheaths are most 
commonly found This coincidence suggests these bones as a source 
of origin for so-called giant cell tumors of the tendon sheaths, and 
this IS corroborated by histologic studies 

When giant cell tumors of the tendon sheaths are examined micro- 
scopically, a variant of the typical giant cell structure is seen, charactei- 
ized by an unusual amount of pink staining fibroid tissue, enclosing m 
a network cells of the cartilage type This fibroid substance on further 
investigation is identified as the vestige of white fibrocartilage from 
which the sesamoid bones aie deiived 


Thus giant cell tumors of the tendon sheaths which have long been 
erroneously classed under the heading of xanthoma, are in reality 
tumors of the sesamoid bones By lemoving these tumors from the 
confusion of the so-called xanthomatous lesions, the current granu- 
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lation tissue” conception of them is overthrown, and their giant cell 
structure is related to the resorption of cartilaginous bone This 
brings these tumors into line with the conception of giant cell tumor 
advanced throughout this paper 

Etiology of the Giant Cell Tiimoi — It is much easier to discuss the 
etiology of tumor in terms of so-called etiologic factors than to point 
out the initial event and a subsequent unbroken chain of histologic 
consequences For this reason, the literature abounds with references 
to the etiologic factors of trauma and hemorrhage in the production of 
giant cell tumor and bone c} sts Konjetzny,® Lubarsch," and Pommer ® 
are among those of the German school that have attempted to trace the 
bone C 3 ’’sts to medullary hemorrhage following trauma We are m 
accord with these authors in placing trauma in a primary position in 
the production of these lesions An attempt will be made, howe\er, 
on the ground of the embr}ologic observations pointed out earlier, to 
show just how trauma acts histologicall}'^ in producing the bone c}sts 
and the giant cell tumor 

In our series of 226 cases of giant cell tumor and m others in the 
literature, trauma was obtained in the histoiw of the patient m betw een 
40 and 50 per cent of the cases Assuming that in the major portion 
of the other 50 per cent of the cases there w^as an overlooked and 
insignificant trauma, it can be pointed out how’' the prevalent sites for 
the lesions of giant cell tumor and bone cysts are related to such injur\ 

The three mam locations of bone cjsts are in the metaphysis of the 
femur in the region of the greater trochanter m the humerus at the 
site of the greater tuberosity and in the tibia at the tuberosit) These 
sites at the hip and at the shoulder receive the brunt of the trauma 
The epiphysis m the head of the femur and the head of the humerus 
are shielded by the acetabulum and the glenoid ca-s it\ and hence escape 
frequent injurj This is w^hy a bone c}St and not a giant cell tumor 
arises here for it is the metaph)sis and not the epiph 3 sis that is 
traumatized and as w'e have seen, this difference between a inetaplnseal 
and an epiph 3 seal location constitutes the real distinction between a 
bone C 3 St and a giant cell tumor At the lower end of the radius 
and at the low'er end of the femur on the other hand it is the 
epiph 3 sis which is exposed and as a consequence the giant cell tumor 
IS the resultant lesion rather than a C 3 St In the head of the tibia 

6 Konjetzm G E Die sogenannte * lokalisicrte Ostitis fibrosa,” Arch f 
kill! Chir 121 567 1922 

7 Lubarsch Die Bedeutung des Traumas ziir Enstehung und Wachstum 
krankhafter Gewachse, Med Khn 41 1651, 1912 

S Pommer G Zur Kenntnis der progressnen Hematom und Phlegmasie- 
\ eranderungen Arch i Orthop u Unfall Chir 17 17 1919 
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both the epiphysis and the metaphysis share alike m exposure to injur}, 
and at this site, both types of lesions are common 

Close examination of these sites which so frequently harbor the 
lesions under discussion, discloses certain interesting details in regard 
to the intial form of these giowths In an early giant cell tumor 
(from two to six months’ duration instead of the average of fourteen 
months) the original seat of the lesion is usually asymmetrical in 
location and subcortically located at one side of the epiphysis (fig 59, 
Arch Suig 19. 266 [Aug] 1929) As the lesion pi ogresses, it extends 
centrally rathei than peripherally, because the cortex is more resistant 
than the medullary cancellous bone, thus obscuring the early typical 
subcortical location When we examine the early bone cysts in the 
metaphysis of from five to six months’ duration, instead of the average 
duration of two and one-half years, we find that this lesion also has a 
subcortical location In other words, both the bone cyst and the giant 
cell tumor arises at a point just beneath the traumatized area of the 
cortex 

Referring to the work of Lexer ° on the blood supply of the bones 
(fig 58, Aich Stag 19:265 [Aug] 1929), it is seen that both the 
epiphysis and the metaphysis receive their blood supply from anasto- 
moses around the joints which send in arterial branches that penetrate 
the cortex moie or less at right angles, proceeding inwardly after the 
fashion of the periosteal blood suppl}'- in the shaft rather than by a 
central medullaiy course, as is characteristic of the nutrient artery 
The effect of trauma on the blood supply here is to cut ofif the arteries 
proceeding inwaidly from a cortical position at the epiphysis or metaph- 
ysis producing a subperiosteal hematoma This interruption deprives 
the cortical bone in these regions of its nourishment and creates a need 
for collateral circulation by a medullary route The result is an 
increased proliferation of the osteoclasts in the medullary cavity in order 
to open up channels for the budding capillaries proceeding outwaid 
toward the injured area As we have seen, this is a normal histogenic 
function of the osteoclasts But this increased osteoclastic activity m 
an area in which they are already unusually active in the role of new 
bone construction, occuis just at that time when unnourished cortical 
bone IS undergoing necrosis An imbalance is thus created between 
bone destruction by osteoclasts and new bone formation that would 
normally proceed from the leactive cortex were its circulation intact 
The defensive reaction of cortical bone, therefore, is suspended while 
bone destruction by osteoclasts is at its height This imbalance results 
in an unchecked hjperplasia of the osteoclasts and produces a tissue 

9 Lexer, E Die Enstehung entzundlicher Knockenherde, Arch f klin Chir 
71 1, 1903 
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characteristic of giant cell tumor and the early phase of osteitis fibrosa 
or bone cysts 

In the metaphjsis the reactive cortical bone uhich is thick and 
Aascular, is apparently capable after a time of overtaking the osteo- 
clasts In the epiph}sis hovever, bone destruction seems to proceed 
at a faster rate than the thin cortical bone in this region can overtake 
The result is an arrested lesion or bone c\st m the metaph}sis and a 
progiessive or unchecked lesion in the epiplnsis vhich is known as 
the giant cell tumor Eren in the epiphisis. however the balance can 
be restored if surgical inter\ention is made before the bone shell is too 
extensively destro} ed By remo\ mg the osteoclastic tissue b} the curet 
and catuer} (and we suggest b} aiding nature to collapse the bone 
caMty remaining) the giant cell tumor will also go on to ultimate 
healing 

That additional metabolic factors ma} enter into the production 
of this imbalance between bone destruction b} the proliferation ot 
giant cell osteoclasts, and the formation of reactne cortical bone b} a 
process of fibro-ostosis, is shown by studies made on multiple giant 
cell tumors and multiple bone cysts In a series of twent\'One cases 
analyzed in this group it was found that the patients were either 
women past the age of pubert} m the osteomalacia period or bo\s 
or girls m the age of jinenile bone diseases The case studies showed 
that osteomalacia s}phihs, rickets fragihtas ossium and other associ- 
ated skeletal diseases w^ere frequentl} present and were contributing 
factors in the production of these lesions and their extension to se\eral 
bones More recenth at the Ma} o Clinic Di R M Wilder (m a case to 
be reported in Endocnnology) has placed at our disposal evidence 
indicating that disturbances in the calcium and phosphorus metabolism 
associated with h} perparatlwTOidism due to an adenoma m the para- 
thyroid glands, ma) favor the production of multiple giant cell tuniois 
m a female past the age of pubert) We oursehes ha\e confirmed 
this by observing similar disturbances in the calcium metabolism m a 
patient with a solitar) giant cell tumor of the lower part of the radiu:? 
arising during the latter half of pregnane) 

Thus histologicall) trauma is related to the bone c)sts and the 
giant cell tumor not as an indefinite etiologic factor but as an initial 
erent m disrupting the cortical blood supply which produces an unbal- 
ance between osteoclastic proliferation m the medulla and reactne 
compact bone m the cortex In tlie etiolog) of these lesions indnidual 
Aanations m collateral circulation as well as the extent of the iniur\ 
to the cortical bone are important factors Disturbances m the calcium 
and phosphorus metabolism must also be considered in the oncolojjx 
of these growths It is CMdent howerer from the stud) suminari/cd 
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here that the age of the patient, the site of the injury, the rate and 
extent of cartilaginous ossification at the end of the bone and the 
nature of the blood supply in the aflfected region are the predominante 
factors in the pathology of bone cysts and giant cell tumors 

When all these factors are considered, it is apparent why both bone 
cysts and giant cell tumors are rare in comparison to the frequency 
of trauma It must be emphasized that to have the lesions clinically 
an imbalance m two normal repair processes is necessary — an unusual 
increase of osteoclastic proliferation and a diminution or suspension of 
new bone formation in an injured cortex These two processes are 
always active after injury to bone (fig 57, Aich Swg 19. 263 [Aug ] 
1929) Both fibro-osteosis (osteitis fibrosa tissue) and osteoclastic 
proliferation (giant cell tumor tissue) are to be seen after ordinary 
fractures and m the healing of a subperiosteal hematoma (Cone^“) 
Only when the bone destructive phase of giant cell proliferation is in 
the ascendency for a significant period do the clinical entities of giant 
cell tumor or osteitis fibrosa arise The factors concerned in the 
ascendency of such giant cell piohferation we may list (by way of 
summary) m the older of their importance as 1 A normal histogenic 
proliferation of giant cells which occurs only in calcified cartilage or the 
temporary bone of the roots of deciduous teeth 2 Injury and necrosis 
of an area of cortical bone overlying an actively ossifying epiphyseal 
or metaphyseal region 3 A response on the pait of giant cells and 
capillaries in cancellous bone to the need for collateral circulation 
4 Distuibances in the calcium and phosphorus metabolism inhibiting the 
normal growth and defensive reaction of coitical bone 

10 Cone, S Ossifying Hematoma, J Bone & Joint Surg 10 474, 1928 



FETUS RETENTION FOR TWENTY-SIX MONTHS 

REPORT or A CASE 

HARTMAN A LICHTWARDT, MD 

JII SHED, PERSIA 

This case is interesting for three reasons (1) the length of time 
the bones of the fetus were retained in the uterus, (2) the formation 
of fistulas between the transverse colon and the fundus, and (3) the 
method of repair 

REPORT or C \SE 

Histoiy — A Kurdish woman, aged 30, was admitted to the temporary field 
hospital of the American Presbyterian Hospital of Aleshed, in Kuchan, Persia, 
Sept 29, 1928, on account of a tumor of the abdomen The patient had been 
married fifteen years, and had had five children, all of whom had died before the 
age of 3 (not an unusual happening in Persia) Eight jears previous^, in her 
tourth pregnanc}’^, she bad a miscarriage at four months There was no histor} 
of venereal disease 

In July, 1926, the patient, then eight months pregnant, with a mo\ing fetus, 
Mas frightened by an aeroplane which w'as dropping bombs near her village, and 
she stumbled and fell as she ran into the house There w’as no immediate pain, 
but the fetal movements ceased, and three wrecks later the w'oman was uncomfort- 
able, with aching pains, which never resembled labor pains She had occasional 
periods of fever, w'lth a foul discharge after the sixth w’eek, which grew more 
copious Two months after the cessation of fetal moiements, seieral small pieces 
of bone were observed in the discharge, and during the follow’ing jear, she noted 
pieces of fetal bones in the discharge on several occasions The bones of the feet 
and legs w'ere recognized 

This woman had no medical treatment of anv kind Part of the time, she 
was up and around, doing some of her primitive housew’ork, and part of the 
time, Ij'ing dowm, depending on the amount of fe\er and discomfort Near 
the end of June, 1928, a small fistula opened in the abdominal wall, 1 5 cm to the 
right of the umbilicus As soon as this de\ eloped, the pain in the middle part 
of the abdomen, which had become rather se\crc, grew less, the %aginal discharge 
ceased, and a considerable amount of foul-smelling fluid was discharged from 
the fistula A w'eek later, the patient noted some feces and grape seeds passing 
out of this opening No fecal matter e\er passed out of the \agina, nor had the 
patient menstruated since the beginning of this last pregiiancj There had been 
occasional vomiting but no e\idencc of intestinal obstruction at am time 

Phvsical Exavnnatwu — The patient walked bent o\er, owing to abdominal 
discomfort She was thin, pale and emaciated, with a temperature of 98 3 F, 
and a pulse rate of 120 weak but regular There was a hard tumor of the 
abdomen, the si/e of a grapefruit, the top of which was 3 cm abo\e the umbilicus 
Tbe tumor was approximateh in the midline extending a little more to the right 
than to the left it was tirmh attached to the abdominal w ill and tender to 

* Submitted for publication Dec 31 1929 
■'Prom the \mcrican Prcsb\tcrian Hospital 
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touch One and one-half centimeters to the right of the umbilicus, there was a 
fecal fistula, nearly 0 5 cm in diameter, with some irritation of the surrounding 
skin, due to the constant foul discharge Vaginal examination showed the cervix 
to be slightly larger than normal, containing scars of previous lacerations, there 
was some dilatation, but no discharge The uterus was not movable, and bimanual 
examination showed that from the cervix to the top of the tumor, all was one 
mass 


First Opoation — With the patient under ether anesthesia, a right rectus 
incision was made, extending from the level of the umbilicus to 6 cm below An 
opening was made directly into the uterus, without opening the peritoneum The 
contents of the uterus were then removed and consisted of all of the bones of the 
fetus, except those of the feet and legs, all m a good state of preservation and 
lying free m the uterus Some feces and some grape skins and seeds were also 
removed, there was no evidence of placenta or membranes In the posterior wall 
of the uterus at the level of the umbilicus, and 7 cm to the right of it, was an 
opening into the transverse colon, near the hepatic flexure Fecal matter entered 
the fundus freely through this opening On the left posterior wall of the uterus, 
just below the level of the umbilicus, and 6 cm to the left of it, there was a 
second opening into the transverse colon, near the splenic flexure A saline enema 
.vas given and at once appeared through the opening, indicating its nearness to the 
rectum There was no connection between these two openings in the transverse 
colon, except through the uterus 

A large catheter was passed from above downward, through the cervix into 
the vagina, to provide drainage of the uterus from below A second catheter 
was inserted into the opening into the splenic flexure, so that the rectum could 
be washed out from above A larger tube was inserted into the hepatic flexure 
so that this colostomy might dram outside The incision was then sutured around 
these tubes, the original fistula of the abdominal wall having been first excised 
The patient rallied quickly from this brief operation, the only rise of temperature 
being that to 101 1 F on the day following 

Second Opaation — As my stay in Kuchan was to be but a few weeks, I 
operated on the patient again five days later (Oct 3, 1928) under procaine hydro- 
chloride infiltration anesthesia, a midline incision being made extending upward 
for 10 cm , from a point 4 cm, abov'e the umbilicus I hoped to make an anasto- 
mosis between the two ends of the transverse colon and do a complete hysterec- 
tomy, but on opening the abdomen, I found that the colon, the uterus and the 
adnexa were all so firmly bound together by old adhesions that such an anas- 
tomosis was impossible This upper abdominal wound was sutured without drain- 
age , there was no elevation of temperature or acceleration of pulse after this 
exploratory operation 


Thud Opetatton — The patient being anxious to be cured before the temporarv 
field hospital was closed, I operated again one week later, using procaine hydro 
chloride infiltration anesthesia, and making a midline incision extending dovvnwar 
for 10 cm from a point 8 cm below the umbilicus The peritoneum was opene 
below the point at which the fundus was adherent to the abdominal wall Pfe 
vious to this the vagina had been thoroughly cleansed and the cervix swa e 
vv ith tincture of iodine, while the drainage tubes had been removed, and long tape 
sponges inserted into the two openings of the transverse colon, and the entire 
fundus swabbed with tincture of iodine A partial hysterectomy was done, jus 
above the internal os, which vvms firmly sutured The fundus was then suture^ 
from below, and the peritoneum closed without drainage The great amount o^ 
adhesions between the uterus and adnexa and the colon made it impossible to 
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an anastomosis of the colon from below Through the open incision of the first 
operation, where drainage tubes had been inserted, the gauze plugs were removed 
and this original opening of the abdominal wall was tighth sutured in the faint 
hope that it might possibh heal bv first intention even though a steady fecal flo«v 
would be passing through this fundus, which had now' been converted into part 
of the intestinal tract Both the upper and the lower midline incisions healed, but 
a small fecal fistula developed in the right rectus incision after a few davs The 
patient had a slight rise of temperature (101 2 F ) on the third dav of the opera- 
tion, except for that, her condition was good 

Com sc — Two weeks after this last operation the field hospital had to be 
closed and a return made to Meshed, at this time the patients temperature, pulse 
and respiration were normal and she was sitting up in bed eating well and not 



A. drawing showing the size and the position of the uterus, the site of the 
three operations and the method of repair H, opening of transverse colon 
near hepatic flexure, into uterus , A, fistula from uterus through anterior abdominal 
wall, X, site of first operation, Z, site of third operation, 11, wall of uterus 
} , site of second operation , T, top of fundus of uterus , U, umbilicus S, opening 
of transverse colon, near splenic flexure into uterus /?, after repair showing how 
fundus was made into part of the colonic passage P, alter repair, showing where 
uterus was amputated above internal os, C, cervix 

complaining of pain The tecal fistula was 0 4 cm m diameter but most of the 
feces were passing through the rectum m the proper wav There was no 
vaginal discharge or bleeding, nor was there anv blood issuing through the aiui' 
Instructions were given to the husband, regarding the cleansing and drc'^ing oi 
the fistula, and the care ot the patient and a supplv oi sterile gauze was kit with 
him The’ last week m Isovember he came to Meshed and reportea to 
me that there was still a slight waterv discharge irom the fistula but ro 
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feces, the patient had returned to her village, where she was walking, although 
still weak She had no pain or fever , her bowels moved regularly, and her 
appetite was fair The husband was given a small bottle of 90 per cent silver 
nitrate solution, with instructions to apply a little of this caustic daily to the fistula 
after cleansing it Toward the end of January, 1929, the husband again came to 
Meshed and reported that the fistula had entirely closed, and that the patient uas 
well and doing her housework I had hoped that the woman would come to 
Meshed that she might be given a barium enema and some roentgen films be 
secured, but she has not done so yet 

COMMENT 

The histoiy of the woman’s fall was sufficient to account for the 
death of the fetus, but it is more difficult to explain why labor did not 
stait, possibly this was owing to the old scars of the cervix, the lesiilt 
of former lacerations Both Williams ^ and De Lee - mention "missed 
labors” biiefly, and cite the cases of Menzies and Hennig,'^ m which 
the fetus was retained foi 280 and 210 days, respectively, after full 
term Many cases are lecorded of lithopedions especially m extrauterine 
pregnancies, one in China'' letamed three and a half years, and seveial 
leported by Masson and Simon,*’ who also give an extensive bibliography 
Sourasky reported a simultaneous abdominal and tubal pregnancy with 
retention of the fetuses for two and a half years, but the longest 
letention of which I can find record is that reported by McCormick,® 
the fetus was letained in the abdomen for fifty yeais In practically 
all of these cases, mumification had set m Cases with purulent dis- 
integration, however, are i are Cohen repoi ted one in which the 4 
months old fetal head was carried in the uteius four years In the case 
which I report, the majority of the bones of an 8 months old fetus 
were in the uterus for twenty-six months, with ulceration into the 
transverse colon in two places and a fistula of the abdominal wall 
finally developing 

One may assume that the fundus soon became adherent to the ante- 
iior abdominal wall and remained fixed there, but it is more difficult to 
visualize the pathologic changes between the posterior wall of the uterus 
and the transverse colon, with ulcerations due to the pressure of the 

1 Williams, J W Obstetrics, ed 5, New York, D Appleton & Compan). 
1926, p 164 

2 De Lee, J W Obstetrics, Philadelphia, W B Saunders Company, 1913 
p 474 

3 l^Ienzies Glasgow M J, July, 1843, p 229, quoted by De Lee 

4 Hennig Arch f Gynac 13 292, 1878, quoted by Williams 

5 L S iSIargarel Hospital ior Women China M J 38 504 (June) 192 

6 Masson, J E , and Simon, H E Surg Gynec Obst 46 500 (April) 192 

7 Souraskj, M Lancet 2 650 (Sept 25) 1926 

8 jMcCormick, E J Ohio State M J 22 501 (June 1) 1926 

9 Cohen, H M J & Rec 126 369 (Sept 21) 1927 
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fetal bones As this was taking place and part of the transverse colon 
was being eliminated, why were there not violent symptoms of obstruc- 
tion and toxemia^ 

The question ma} be raised of the possibility of obstruction if the 
thick vail of the uteius should undergo involution and reduce the size 
of the passage It is doubtful whether uterine tissue which has been 
infected and hypertrophied for such a long time ever regains its tone 
and becomes contracted The long retention of the fetal skeleton with 
the constant state of infection of the uterus and the subsequent forma- 
tion of fistulas indicate the extent to which nature is able to take care 
of infection, and the unique methods she will use to get rid of foreign 
materials that cannot be absorbed I believe that if surgical intervention 
had not occurred at this point, gradually all of the fetal bones would 
have been discharged thiough this fistula of the abdominal wall 

One might consider whether there is any danger of toxic absorption 
by the fundus, which is now being used as part of the large colon 
Probably the months of infection and irritation have so greatly 
diminished the absorbability of the walls of the uterus that it merely 
acts as a mechanical passage If menstruation should ever recommence, 
which IS extremely doubtful, the fluid will, of course, be readily dis- 
charged through the rectum 

SUMMARY 

The case reported is that of retention of the skeleton of an 8 
months old fetus for a period of more than two years, during which 
two fistulas were formed between the fundus of the uterus and the 
transverse colon, and finally a fistula between the uterus and the anterior 
abdominal wall The fetal bones were removed, but it was found 
necessary to do a partial hysterectomy, and the fundus was used to form 
the passage between the two openings of the transverse colon 
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Sm gical Tcchmc — Halbfas-Ney^ reviewed data on resection of the 
twelfth rib in many cases during recent years Reports of this pro- 
cedure in the literatuie are meager, and opinions as to its merits are 
varied Israel and Alban an seldom used the procedure, Kuster 
observed it only once, and Wildbolz used it only twice in 175 cases 
of renal tubeiculosis Kummell, Frangenheim-Wehner and Israel are 
of the opinion that incision of the kidney should be extended anteriorly 
for better exposure Schmieden lesected the twelfth rib twenty-nme 
times in 92 cases in which nephrectomy was performed , in 1 case the 
eleventh rib also was taken The possibility of injuring the pleura has 
been an objection to this method, but such injury occurred in only 
3 cases of Halbfas-Ney’s series He resected the twelfth rib in all 
cases if the kidneys were high-ljung, as well as m those in which the 
kidney was adherent m the region of the upper pole 

In a series of 203 cases of nephrectomj^ the iib was resected m 56 
(36 per cent) The surgical indications were tuberculosis m 25 cases 
(44 6 per cent), tumors in 12 cases (21 4 per cent), pyonephrosis m 
15 cases (26 8 per cent), and hydronephiosis in 4 cases (7 per cent) 

Submitted for publication, April 26, 1930 
1 Halbfas-Nej, P Die Resektion der letzten Rippe im Dienste der Nieren- 
freilegung, Ztschr f urol Clur 27 275 (May) 1929 
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Theie weie also 2 opeiations of pyelotomy, 1 of nephrostomy, and 2 
exposures which weie earned out with resection of the rib, making 
61 resections Follow-up records showed that only 46 of the patients 
were alive The wounds of these had all healed uneventfully The 
region of the lesection showed deep retraction Pam was not felt on 
deep breathing, and the stump of the resected rib was not painful on 
pressure A few patients noted slight anesthesia of the area or a 
tickling in the scar, as well as light, radiating pain on exertion Halbfas- 
Ney expressed the belief that these conditions are due to the paresthesia 
of the cut nerves and not to resection of the rib 

[Ed Note — It may be necessary m certain cases to resect or frac- 
tuie the lib Halbfas-Ney seems to have used this method more 
frequently than is the common practice One of the great advantages 
of the Mayo incision is its possibility of being carried forward This, 
together with the division posteriorly of the lateial aicuate ligament, 
should give adequate exposure in most cases Should more exposuie 
posteriorly and superiorl}'- be necessary, simple fracture of the twelfth 
lib may be employed Resection of the rib is in itself a major operative 
procedure and should be reserved for those cases m which other meth- 
ods of exposure have not been satisfactory ] 

Hepburn - reported a case m which resection ot half of a solitary 
double kidney was pei formed He concluded that partial nephrectomy 
in such cases can be done successfully with marked compensatory 
improvement m the function of the remaining portion of the kidney 
The simplest and safest method of heminephrectomy of the diseased 
double kidney is to separate the halves by blunt dissection with the 
finger The cleavage will be at the point of least resistance, between 
the terminals of the blood vessels This avoids the danger of destroy- 
ing the circulation to the good portion of the kidney and of cutting 
into calices A few pressure mattress sutures to control the oozing 
of blood are all that is necessary to place in the cut end, and it is not 
essential to cover the raw end with renal capsule 

Walteis^ considered that the most desiiable cases for hemi- 
nephrectomy aie those in which there is complete duplication of the 
renal pelvis and ureter and m which it is necessarj to remove only the 

2 Hepburn, T N Hemiresection of a Sohtar\ Kidnei, Ann Surg 90 402 
(Sept) 1929 

3 Walters Waltman Heminephrectomy or Resection of a Part of the Kid- 
nev Report of Four Cases Surg Gynec Obst 50 473 (Feb) 1930 
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portion of the kidney involved by the lesions He reported three cases 
in which successful resection of the diseased portion of a duplicated 
kidney was carried out, and also one lesection of the lower pole of a 
kidney containing a large solitary cyst Success of the operation depends 
on not opening into the adjacent cahx of the lemaining portion of the 
kidney and on the assurance of complete hemostasis at the site ot the 
lesection It is an advantage, after beginning the resection to place a 
finger m the dilated cahx and pelvis of the portion to be resected, so as 
to assist in detei mining its outer limits It has not seemed necessary 
during the resection, even temporarily, to mteifeie with the blood suppl} 
to the remaining portion of the kidney Immediate bleeding from the 
cut renal parenchyma stops quickly with the placing and tjing ot 
mattress sutures over small bits of muscle tissue and approximation of 
the cut edges of the kidney A v-shaped lesection, uhen possible, aids 
m carrying out this piocedure Pieces of muscle are used to prevent 
the mattress suture from tearing through the parenchjma 

In three of the cases such excellent approximation uas obtained 
that after the mattress sutures were placed, the edges of the fibrous 
capsule could be approximated with a running sutuie In the case in 
which this was not possible the denuded aiea of the kidney was coveied 
with a portion of the peiirenal fat in the foim of a patch Studies 
were made preopeiatively and postoperative!) of the function of each 
kidney separately, and pyelograms were made of the duplicated kidney 
Resection of the diseased portion of the kidney did not interfeie with 
the function of the lemammg poition, and in each instance resection 
■was followed by excellent results 

Anomalies — Thompson'* noted 19 cases of hoiseshoe kidne) m a 
review of appi oximately 13,000 repoits of necropsies Sixteen cases 
occurred m men and only 3 in women The condition is much moie 
common in men, thus differing fiom the sex incidence of solitaiy kid- 
ney The anomaly was lecorded at almost all ages, but the aveiage for 
men was 35 and foi women, 24 

Horseshoe kidneys aie situated lower than noimal kidne) s, on planes 
extending from below'' the le^ el of the brim of the pelvis as high as the 
third lumbar vertebra The union of the tw'O kidneys ma) be formed 
by true renal tissue, at either the upper or the low^ei pole the latter 
occurring more frequently A fibrous tissue bridge is not recorded ni 

4 Thompson, A R Horseshoe Kldne^ Gin’s Hosp Rep 79 201 (A.pril) 

1929 
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these cases Horseshoe kidneys are usually heavier than the weight of 
two normal kidneys 

The ureters passed in front of the mass in 7 cases, and behind the 
mass in 1 case The ureters were double, except m 2 cases in which they 
weie single Horseshoe kidney is rather uncommon, the incidence was 

1 in 700 cases coming to necropsy Renal function was poor in one 
fourth of the cases One third of the patients died from some infec- 
tive process 

Kretschmer ® rei lewed reports in the literature of 30 cases of true 
supernumerar}' kidney, 1 of which was his own It is his belief that this 
condition is less common than an}'^ other congenital renal anomaly 
Twent} -one of the cases were observed clinically, and 8 were discovered 
at necropsi'^ The largest number of patients were in the second decade 
of life, which ivould seem to justif}'^ the conclusion that this renal 
anomal}' tends to produce pathologic changes in the kidney early in life 
In 17 patients, the left side was aftected and in 12, the right, in 1 case 
the site was not mentioned In most of the cases the site was given 
rather accuiately, that is, below the so-called normal kidney Usually 
in this t} pe of anomaly only 2 ureteral orifices are found m the bladder, 
Avhich appears normal in the cystogram 

Lesions were present in 19 of the supernumeraiy kidneys Stone 
and infection were the most common Stones occurred in 3 cases, in 

2 cases the}'' were found not only m the supernumerar}^ kidney but in the 
other kidney on the same side In another case all 3 kidneys were the 
seat of stones and severe infection The stgiernumerary kidney was 
noimal in 7 cases and in 4 cases the condition was not mentioned The 
other kidney on the side affected was normal m 14 cases, and a lesion 
was not mentioned in 6 cases , thus a lesion was present in 10 cases only 
As in the supernumerai}^ kidney, calculus was the most common condi- 
tion, having been reported in 4 of the 10 cases 

Pam was the most constant symptom, being present in 16 cases The 
description, duration and site of the pain laiied, it was described as 
epigastric, abdominal, renal colic and pain m the left side of the abdomen 
Palpable abdominal tumor was noted in 14 cases, tumor was not present 
m 7 cases, and m 9 cases tumor was not mentioned 

McCown ® described renal ectopia as a condition m which the kidney 
IS congenitally m a faulty position and its blood suppl} is anomalous 

5 Kretschmer, H L Supernumerarj Kidnej, Surg Gjnec Obst 49 818 
(Dec) 1929 

6 McCown, P E Bilateral Renal Ectopia, J Urol 22 653 (Dec ) 1929 
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This distinguishes ectopic kidneys from lovv-l3ang kidneys with the blood 
supply coming from the proper level of the aorta Ectopic kidneys are 
usually smaller than normal The pelvis is on the front in the pehic 
type of kidney and varies with the ascent and degree of rotation in the 
high positions In bilateral ectopia, the kidneys may be fused or he 
close together m the peKis, the left is usuall) slightly lower than the 
light The uieteis are normal but shoit, unless abnoimahty of the 
bladder exists Kidnejs of this type are likely to be lobulated, then 
posteiior walls aie creased by contact with the bum of the bony pelvis 
or rounded out to fit into the hollow of the sacrum when wholly within 
the true pelvis They he behind the mesosigmoid or the structure 
of the vicinity into which they encroach Ectopic kidneys are vascu- 
larized from the proximal Acssels m the plane m which they he, those 
111 the pelvis receiving their veins and aiteiies usually from the common 
iliac or the common and external iliac veins, whereas those in the false 
pelvis are vascularized from the lowei part of the aorta and \ena caia 
The misplaced kidneys may function normally, as in McCown’s case 
for sixty-seven years The most common lesions are pyelonephritis 
and hydronephiosis , calculus, sarcoma and tuberculosis have been 
reported 

The symptoms usuall} consist of sacio-ihac backache, pain in the 
lower part of the abdomen radiating fiecjuently to the hips and limbs, 
and increasing cluiing menstruation 

Pyelitis 111 ectopic kidney can be cuied in about the same ratio as 
in normally placed kidneys and by the same treatment In the non- 
fused cases, nephrectomy may be done, the only difficulty consists in 
locating and controlling the anomalous blood supply P}^elotomy may 
be done in some cases Nephrotomy is not desirable Attempts at 
fixing ectopic kidneys at a higher level have usually failed because of 
short ureters and the blood supply 

[Ed Note — The caie to be used in distinguishing true renal ectopia 
from simple nephioptosis, as described by McCown, is important 
Operative procedures, such as fixation or suspension, undertaken with- 
out recognition of the ectopic blood supply and short meter, may lead 
to serious difficulty and peihaps disaster Likewise the treatment of 
pathologic conditions such as stone or infection in this type of kidne> 
must be appioached with conservatism and with a full knowledge of 
the anatomic peculiarities of such anomalously placed organs ] 



SCHOLL El AL—UROLOGIC SURGERY 


167 


Thompson," in leviCAvnig a series of records of neciopsies, found 
32 cases of solitary kidney, a proportion of 1 solitary kidney to 400 
necropsies This observation re\eals that the condition is much more 
common than some observeis ha^e noted In the necropsy reports 
from the London Hospital, the proportion was 1 in 124 cases There 
were 15 female and 17 male patients Patients with this anomaly are 
not good iisks for treatment Excluding children under 1 year of 
age, 8 died of an infective process and 2 of renal failuie The average 
age at death of patients aged moie than 1 year was 33 years In 
60 per cent of the cases, solitari kidney was the only congenital defect 
recorded 

Of the 32 cases, 20 aie definitely recorded as of large single kidneys 
Thompson expiessed the belief that a hypertrophied kidney, although 
it may appear to be sound, is not a good organ so far as function is con- 
cerned In considering the vascular supply, 1 case is noted in which 
there was definite segmental arrangement of the arteiies 

The right kidne}'’ was more frequently absent in the males than in 
the females, and vice versa in the case of the left kidney The presence 
of two ureteral orifices does not necessarily indicate the presence of two 
kidneys, and cystoscopy previous to an urgent operation may be useless 
or misleading unless catheterization is carried out In any question 
of removal of an injured kidney in emergency, the surgeon may palpate 
for the presence of the other kidney 

Ptosis — Thomas ® stated that it is doubtful whether the potential 
danger of movable kidney, with its insidious, symptomless destruction 
of the kidne)^ by progressive hydronephrosis or infection, is alwaj^s 
completely acknowledged by the general practitioner Hinman, in 
105 cases of hydronephiosis, reported urologic evidence of nephroptosis 
111 90 The majority of Thomas’ senes of 75 patients with nephroptosis 
exhibited pyuria of some degree, the complication of pyelitis was not 
recorded unless, bj" ureteial catheterization and the usual pj'-elographic 
evidence, the kidnej^ was proved to be the source There were 18 cases 
of p^Hitis, 3 of pyelonephritis and 2 of pyonephrosis Other pathologic 
complications were hydronephrosis, 19 cases, calculi 10 cases, and 
tumor, 1 case The 75 cases may be divided into (1) simple ptosis, 
unilateral or bilateial, treated palliativeh or operatnelj , (2) those 

7 Thompson, A R Sohtar} Kidnej, Gu\’s Hosp Rep 79 207 (April) 

1929 

8 Thomas, B A Observations on the Diagnosis and Treatment of ]\Io\a- 
ble Kidnej, J Urol 22 603 (Dec) 1929 
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associated with hydronephrosis, (3) those associated with pyelitis, 
pyelonephritis or pyonephrosis, (4) those associated with calculi, and 
(5) those associated with tumor 

Symptoms, in these cases, dated back from a few hours to forty 
years Urinary symptoms and renal or lunibai pains occurred with 
almost equal frequency in from 80 to 85 per cent of patients, while 
gastro-intestinal and nervous disturbances were found m only about 
20 per cent To determine the degree or extent of mobility of a kidney 
accurately, pyelography is essential and must be done with the patient 
in both the erect and pi one positions Complete reliance should not 
be placed on characteristic symptoms such as discomfort, dull or severe 
pain in the renal areas, gastiic disturbances, neuiosis or the demonstra- 
tion of a palpable or movable mass in the loin 

In the treatment of nephroptosis, each case should be studied sepa- 
lately to determine the most appropriate and best procedure The 
outstanding object must be relief of the subjective symptoms as well 
as the prevention of the destruction of the kidney by hydronephrosis 
and infection Palliative tieatment is indicated in mild cases, especially 
those associated with general visceroptosis, when the subjective sj^mp- 
toms aie relieved by rest or abdominal supports Palliative treatment 
is contraindicated when any subjective symptoms are not completely 
relieved by supportive appliances, when the thieat of renal injuiy from 
urinar}’- retention and infection is uncontrolled by apparatus, when 
severe pyelitis, pyelonephiitis, pyonephrosis, calculus or tumor coexists, 
when rotation of the kidney, torsion of the pedicle or fixation of a 
kinked uretei is present , when harmful traction is exerted on other 
organs, and when the kidney is movable to more than the first degree 

The mortality of nephropexy for nephroptosis is practically nil 
Edebohls claimed only 1 65 per cent in 864 cases, and Kelly 0 4 per 
cent m 245 cases In Thomas’ series there were no deaths When the 
disease is allowed to progiess to the destruction of the kidney, necessi- 
tating nephrectomy foi tieatment, the prognosis becomes gravel 
Nephropexy for ptosis in 19 cases of this senes has been successful 
except in 1 case Failuie should never exceed 10 per cent, which 
lepresents a large measure of surgical success as compared with the 
lesults of palliative tieatment Surgical failures can be ascribed usually 
to faulty technic m fixation of the kidneyq the incomplete removal of 
fatty tissue between the posterioi surface of the kidney and the lumbar 
muscles to which it is to be fixed, failure thoroughly to mobilize t le 
kidney and ureter and free them from any^ adjacent adhesions or fascia 
lestnctions, and too short confinement to bed after operation The 
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patient should be kept in a lecumbent position for about a week, should 
not be on the unaffected side for two weeks, may sit up in bed in three 
weeks and should not be allowed out of bed for four weeks Vague 
pains may persist foi six months aftei the operation 

Braasch is of the opinion that too much enthusiasm for fixing 
floating kidneys may result m unwai ranted nephropexy About twenty- 
two years ago, during an era of nephropexy, a series of patients with 
floating kidneys were operated on at the Mayo Clinic Many of these 
patients returned two or three years later without improvement in 
S3anptonis, or the}'’ claimed that the pain had shifted to the other side 
On account of these unfavorable results, such operations were dis- 
continued According to Braasch, there are unquestionably movable 
kidneys which if fixed would relieve the patient’s symptoms Nephro- 
pexy may be indicated when pyelographic evidence demonstrates definite 
ureteral obstruction with lesulting pyelectasis, and when there is per- 
manent acute angulation as the result of nephroptosis, provided all 
other abdominal lesions have been excluded, the patient is not considered 
neurotic, and the other kidney is not similarly affected Often the 
urogram will show dilatation not only in the renal pelvis, but of the 
entire ureter, without any evidence of obstruction In such cases an 
atonic condition is probably the predominating factor and cannot be 
relieved by nephropexy In other cases the pyelographic evidence may 
show minor changes which make one doubtful as to the existence of 
obstruction 

Mathe described two types of movable kidney responsible foi 
the definite clinical entity characterized by lumbar pain, loss of weight, 
and urinary, gastro-intestmal and nervous disturbances, which require 
surgical fixation The first group consists of the infected kidney pre- 
senting pyelonephritis which, after it has acquired the lower position 
has become anchored in place by adhesions to the surrounding structures 
In this type of ptosis a supporting belt, instead of elevating the kidne} 
overrides and irritates it, and fails to give relief The second t3^pe 
of movable kidney requiring surgical relief is the one in which the 
kidney, in dropping, causes the ureter to be arrested, compressed or 
kinked over fibrous bands or an aberrant blood vessel 

Lewis stated that although kidne3^s ha^ e been unnecessarilv 
anchored, theie ha\e also been man} unnecessar} operations of 

9 Braasch, W F, in discussion on Thomas (footnote 8, p 685) 

10 Mathe, C P , m discussion on Thomas (footnote 8, p 691) 

11 Lewis, Bransford Cron ell A J, and Quinb\ W C, in discussion on 
Thomas (footnote 8, p 683) 
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appendectomy He lias obseived many cases m which the appendix 
was removed when the real condition was nephiosis and backward 
pressure in the uieter 

CiowelH^ has had excellent results following nephropexy, and he 
does not hesitate to peiform it m properly selected cases 

Quinby“ stated that cases occm in which theie is a rather sudden 
onset of acute renal pain which is undoubtedly due to an abnormally 
movable kidney In such cases dilatation of the renal pelvis or uretei 
cannot be demonstrated, but theie will be delayed emptying time of the 
pelvis During the last foui oi five years he has observed from 12 to 
17 such patients in whom time has pioved that nephropexy effected cine 

Lowsley stated that the indications for operation on nephroptosis 
are diiect and simple When bilateial nephioptosis is present, opeia- 
tion is contraindicated This condition is usually associated with 
enteroptosis, and opeiatioii may^ add to the pam instead of lelieving it 
There is a certain amount of pull on all the viscera which extends to 
the attached, suspended kidney^s, this increases lather than diminishes 
the pain In cases in which one kidney is down, and symptoms of cohc 
and hydronephrosis are associated, if a definite diagnosis has been made, 
palliative treatment, including belts and irrigation of the renal pelvis, 
IS first attempted If these measuies fail to give lelief and the pain 
lefeiable to the kidney still persists, nephropexy is indicated Lowsley 
suspends the kidney in such a manner that he is leasonably sure it will 
not come down It is extiemely important to keep the patient in bed 
long enough aftei the operation so that the tissues may become fiimly 
healed The inmiinal time is three weeks and sometimes longer A long 
vacation after the opeiation is desirable 

[Ed Note — As pointed out by Braasch, mdisciiininate nephropexy 
as done twenty years ago led the operation into deseived disrepute 
Neveitheless, the recent i eapplication of the opeiation in selected cases 
may not be without clinical ineiit Mathe and Lowsley contended that 
suspension and fixation may gam satisfactoiy lesults if meticulous care 
is taken as to the type of case m which the piocedure is applied As 
mentioned elsewhere in this leview, ectopic kidneys with a concomitant 
ectopic blood supply and short uieteis are unsuitable for renal suspen 
Sion oi fixation If there is geneial visceioptosis with bilateral nepbrop 
tosis, little can be expected fioin opeiation except an aggravation of an 
already’’ distressing pathologic condition On the whole, Braasch s con 
seivative attitude is to be recommended He would reserve surgica 
fixation for such cases in which there is definite ureteral obstruction w^it i 
py^electasis, or in which there is permanent acute angulation of t e 

12 Lowslejs O S , in discussion on Thomas (footnote 8, p 690) 
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ureter He also emphasized the fact that other abdominal lesions must 
be definitely excluded, and that neurosis as a factor must be adequately 
ruled out before major surgical procedures of this t\pe are undertaken ] 

Hydi oncphi osis — Von Lichtenberg stated that m cases of double 
kidne} s operation can be performed either on the ureter or on the pehns 
of the kidne) In case of bifid ureter part of the kidney nith its 
respecti\ e ureter ma) be resected In case of double ureter, one ureter 
ina) be implanted either into the pehis of the kidne\ or into the other 
ureter The ureter of the diseased half of the kidney is the one which 
IS resected and implanted The essential steps of the operation are 
described as (1) careful preparation of the hilus and the ureter, (2) 
amputation of the ureter at the point of origin leaMng little redundant 
tissue in order to preAent the formation of a stricture, (3) closure at 
the point of the amputation, (4) resection of the redundant ureter, 
(5) implantation into the pehis of the kidne) or end-to-side implanta- 
tion into the retained ureter abo\e the site of crossing and (6) drainage 
b) nephrostoni) for pre\ention of tension on the suture line The 
double pehis ma) be anastomosed either with or without the resection 
of the extra ureter and the diseased half of the kidne) ma) then be 
resected In cases of double kidney, resection should be done if the 
extent of pathologic piocesses permits The resection usual!) is blood- 
less and the lesected half attached onh to the ureter is drawn out of 
the opeiative field Small bleeding vessels are then ligated The two 
leaves of the capsule are brought together so that the line of ablation is 
completel) covered The tree edges of the lea\es are placed in the 
w'edge formed b) the resection sewed together and close!) approxi- 
mated b) two or three through-and-through sutures 

In plastic operations for urinan obstruction the obstruction must 
be either radical!) eliminated or circum\ented In disorders such as 
accessor^ arteiies and kinks a plastic operation is not necessar) In 
the remaining cases the relief of the obstruction is associated either with 
the trans%erse or the lateral incision of the ureter Topographicall) 
three t) pes of obstruction are differentiated depending on the site of the 
lesion those at the ureteropehic juncture those along the course of 
the ureter and those m the intramural portion of the ureter and at the 
opening into the bladder If a stricture is found to be close to the 
ureteropelvic juncture the stricture should be resected and the ureter 
implanted into the pehis 

Von Lichtenberg implants the ureter m the following manner A no 
12 to no 14 rubber catheter is inserted in the ureter for from 5 to 6 5 
cm and fixed b) a few sutures The point of ablation of the strictured 

13 Von Lichtenberg, Alexander Plastic Surger\ oi the Rena! Pehis and 
Ureter TAM A 93 1705 (Xo% 301 1929 
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aiea of the ureter at the tu eteropelvic junctuie is then widened and, with 
long, thin, curved forceps, the catheter is drawn through the lowest cali\ 
and the lowest portion of the parenchyma of the kidney The catheter 
is fixed with a suture in such a position that it enters the pelvis of the 
kidney for 2 5 cm Two lateral openings are previously made in that 
portion of the catheter which is to he m the pelvis of the kidney, to 
insure perfect drainage The pelvis is then sewed to the ureter in the 
form of a cuflf, and the remaining open pelvis is closed with a few 
sutures If the exit of the ureter from the pelvis is congenitally abnor- 
mal, the part is excised by a circular incision, the pelvis is closed, and 
the ureter is reimplanted in correct position lower down If the radical 
removal of the obstructing cause is not practicable, ureteropyeloneostomy 
may be done as a palliative operation For this von Lichtenberg uses 
an original method which is allied to the Finney gastroduodenostomy 
and which has given excellent operative and postoperative results 

Von Lichtenberg presented the results of 80 operations for renal 
obstruction in patients who were treated over a period of two years 
In 41 per cent, the kidney had to be removed because the obstruction 
was complete In 47 cases (59 per cent), tieatment was conservative 
In 23 cases, mechanical obstruction could not be found In 27 per cent 
of these cases, the obstruction was of neurogenic origin In 12 cases, 
nephrectomy was performed Fenger’s operation was peifoimed in 10 
cases In 1 case, the operation was combined with pyelophcation 
Congenital abnormalities were found in 20 cases (25 per cent) Abnor- 
mal insertion occurred m 3 cases, hypoplastic kidney in 2 cases and 
accessory vessels in 15 cases Nephrectomy was performed in 10 ot 
these cases (50 per cent), a neoimplantation of the ureter was done in 
1 case, and dissection of an accessory vessel was done in 9 cases There 
were strictures of the ureteropelvic juncture in 37 cases In 11 cases 
of ureteropelvic obstruction (30 per cent) nephrectomy was performed, 
in 9, ureteropyeloneostomy, in 11, Fenger’s plastic operation, m 2. 
neoimplantation, and m 4, surgical dilation of the ureter Among the 
47 cases in which conservative operation was done, secondary nephrec 
tomy was performed in 3 (7 per cent) Death did not occur in anj 
of these cases 

[Ed Note — Plastic operations on the ureter and renal pelvis haic 
been gaming in favor both in this country and in Europe during 
last few years Ten years ago such operative procedures 
made subsequent nephrectomy necessary, and they were held m 
repute Recently, the work of Quinby, Young and Walters has oSete 
much promise Von Lichtenberg’s method of ureteral implantation } 
splinting the site of anastomosis with a catheter which provides 
drainage through the pelvis of the kidney during the time of ica i 
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seems to be based on sound suigical principles Furthermore it is in 
accoid with the expeiiments on shunting the flow of urine from the site 
of uieteral anastomosis which ha^e been described a number of times 
m American hteiature during the last two }ears ] 

Qumb} stressed the impoitance ot constructne and safe opeiation 
when possible Lack of famiharit} with the possibilities of conser’ia- 
tion oftered b} plastic operations on the kidne} ureter and pelvis, or a 
lack of knowledge of the technic ot such operations is mamh respon- 
sible for too mam nephi ectomies ha\ing been performed in the past 
In geneial the renal conditions which aie most frequent!} amenable to 
plastic surgen are those m which stasis ot urine within the pehis of 
the kidne} or in the meter has taken place A more comprehensne 
understanding of the d} namics ot the ureter w ith regard to their appli- 
cation to clinical and pathologic phenomena is aiding m the explanation 
of many instances of apparent stricture oi ^eslcal leflux and ureteral 
retroperistalsis Normal peristalsis of the ureter is now known to begin 
111 the pelvis of the kidne} and is propagated dow nw ard to the bladder 
It has been demonstrated that In dronephrosis can be caused experi- 
mentalh b} inhibition of peristalsis without am mechanical obstiuction 
of the lumen of the ureter In other words the ureter is composed of 
smooth muscle fibers, and their reaction to mam forms of stimuli is 
known to be extremel} labile 

In view^ of these knowm facts Qumb} suggested that the cause of 
the hydronephrosis associated w ith an abnormality of the blood supph 
IS to be found in the pulsations of the artei} itself hing m juxtaposition 
to the ureter and inhibiting there the normal flow of peristaltic wa\es 
Mechanical obstruction is not necessar} the current of action set up 
by each arterial beat is sufficient to cause ner^ous interference of a 
minor degree in the ureter 

The pelvis of the kidne} dilates slowh and progressneh from birth 
and final!} s}mptoms appear INIaii} of these patients date the onset of 
symptoms at some period during their second ten lears of life 

Six patients operated on during the last two }ears for Indio- 
nephrosis con\aIesced normal!} Ini estigation of 16 cases of plastic 
operations on the kidney had shown that in eiery instance the function 
of the kidnei operated on has improied 

[Ed Note For jears Ouinby has been most insistent on con- 

servative plastic operations m cases of hi dronephrosis and obstructne 
disease in the kidney and ureter As a pioneer in this field his work 
has been stimulating to those who are following inodif}ing and sup- 

14 Quinbi, W C Factors Influencing the Opentne Procedure in H% dro- 
nephrosis, J A j\I A 93 1709 (Noi oOI 1929 
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plementing his technic Doubtless gieat development and simplification 
of technical procedure will come within the next few years, with the 
result that fewer radical total nephrectomies will be performed ] 

Walters and Braasch^® reported on 10 plastic operations for hydro- 
nephrosis performed on 9 patients at the Mayo Clinic In 1 of the 4 
cases 111 which a hydronephrotic renal pelvis was resected, the operation 
was bilateral Four of these 5 resections were successful, secondary 
nephrectomy was necessary in the other case In the case in which resec- 
tion was bilateral, with an interval of four months between operations, 
results m both kidneys were excellent Resection of the hydronephrotic 
or pyonephrotic portion of a duplicated kidney was performed in 3 cases 
Ureteropyeloneostomy for obstruction at the ureteropelvic juncture was 
done in 2 cases , in 1 of these, the obstruction involved a solitary kidney 
and was acute and complete, in the other, the obstruction followed 
pelviohthotomy performed elsewhere 

The value of plastic procedures on the kidney, pelvis and ureter from 
which the outflow is obstiucted is illustrated in 2 of the cases reported 
by Walters and Braasch in which the plastic operations were necessary 
In 1 instance, the hydronephrosis was bilateral with extensive dilatation 
and considerable infection , m the other, the obstruction of the uretero- 
pelvic juncture was complete and the kidney was solitary In only 1 of 
the 9 cases was secondary nephrectomy neceasary, m this case the 
hydronephrotic pelvis was of a capacity of approximately 450 cc , and 
infection and edema caused obstruction of the ureteropelvic juncture 
The decision for resection of the renal pelvis rather than nephrectomy 
was probably inadvisable because of the extreme degree of hydroneph- 
rosis and of obstruction of the renal parenchyma The other patients 
recovered, urinary drainage and renal function wmre satisfactory 
Postoperative urographic examination showed that the renal pelves were 
approximately normal 

[Ed Note — This work is in line with that of von Lichtenberg and 
Ouinby and shows a definite trend toward conservative plastic operation 
m dealing with urinary obstruction The recent reports of plastic opera- 
tions on the renal pelvis and ureter show results which are not ideal, but 
are much better than those obtained a few years ago when such pro- 
cedure was usually an unintentional preliminary step to nephrectomy 
With improvements m technic such plastic operations should gam favor 

15 Walters, Waltman , and Braasch, W F Urinary Obstruction and Hydro 
nephrosis, JAMA 93 1710 (Nov 30) 1929 
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with uiologists in geneial and thus offer a definite oppoitunity for sav- 
ing functioning lenal tissue which would otherwise be sacrificed ] 

Heibst and Polke}'^ undertook an investigation on dogs to deter- 
mine the probable value of Fenger’s opeiation for relief of hydro- 
nephrosis due to stricture Failure of the operation was noted in a 
large percentage of clinical cases, some of the cures reported in the 
hteiatuie were probabl}^ only symptomatic, not actual The opeiation 
was uniformly unsuccessful in a series of 16 dogs, due to mechanical 
buckling at the site of operation and increased scarring which produced 
obstruction Herbst and Polkey concluded, therefore, that uretero- 
pyeloplasty is not a reliable method to be used for the relief from hydro- 
nephrosis due to stricture at the ureteropelvic juncture, a conclusion 
that had been borne out by the clinical experience of many who have 
utilized this method 

Herbst and Polkey expressed the belief that some form of anasto 
mosis between the pelvis and ureter will give better results than plastic 
procedures in this type of obstruction Clinical facts pertaining to such 
anastomoses are limited and a study is being conducted on the dog to 
determine, if possible, which of the various methods offers the best 
chance of success 

Patch stated that the increasing tendency toward conservatism m 
renal surgery is a pimciple particularl)'^ applicable in cases of hydro- 
nephrosis associated with aberrant renal vessels, especially of the lower 
pole ^,.When hydronephrosis exists to a degree of complete or almost 
complete renal atrophy, nephrectomy is indicated In cases in which 
considerable renal tissue remains, treatment should be directed toward 
relief of the obstructive condition producing stasis, as well as toward 
conservation of the kidney Unless obstruction is relieved, further 
extension of the hydronephrosis and destruction of the kidney will 
result Experimental and clinical evidence shows that ligation of a renal 
vessel IS followed by necrosis of the renal tissue supplied by the vessel 
In one of Patch's cases in which a small vessel of the lower pole was 
ligated, the patient died a few months later from intercurrent disease 
Examination of the kidney revealed necrosis of the segment of kidney 
supplied by the ligated vessel The renal necrosis following ligation is 
usually aseptic, but secondary suppuration of the infarcted portion of 

16 Herbst, R H . and Polkey, H J Fenger s Uretero-p\ eIo-p!astic Opera- 
tion An Experimental Studj, J Urol 23 23 (Jan ) 1930 

17 Patch, F S Consereatne Plastic Surgery in the Treatment of Hydro- 
nephrosis Associated yvith Aberrant Vessels Bnt J Urol 1 373 (Dec ) 1929 
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the kidney may follow The piactice of hgating an abeiiant vessel is 
not recommended because of the risk of the procedure 

Patch noted 3 cases within the past eighteen months in which 
abeirant vessels enteiing the lowei pole seemed to be the prime factoi 
m producing hydronephiosis Section and leimplantation of the 
ureter in a position out of contact with the vessel and in a posi- 
tion favorable to diamage was done by Giegoiie in 1 case and 
by Qumby m 7 cases without technical difficulty and with apparent 
success In Patch’s series lehef of the obstiuction, as well as con- 
seivation of the kidney and the aiterial supply of considerable segments 
of the kidneys, was definitely indicated Nephiopexy did not seem 
desiiable In all 3 cases section was made of the pelvis, and the cut 
ends were resutured out of contact ivith the vessel Making the incision 
in the pelvis in which the lumen is larger is more advantageous than in 
the nariow ureter, with the dangei of block by edema, or subsequently 
by stricture Only oidinaiy and transient drainage of the wound was 
instituted In no instance was theie any complication by leakage or 
infection, and the patients weie all relieved of symptoms 

The technical difficulties in perfoiming the operation and m seeming 
primary union were not gieat In one case m which ptosis of the kidney 
was associated with an aberrant artery, nephropexy was not combined 
with ureteral implantation because of hesitancy to complicate the opera- 
tion and because it was desirable to test the efficacy of reimplantation 
In choosing between nephropexy and ureteral i eimplantation, the latter 
seemed to be the procedure promising the greatest degree of relief to 
the urinary stasis In view of the ease and safety of the operation and 
the experience gamed. Patch would not hesitate to combine the two pro- 
cedures or to carry out other plastic measuies designed to decrease the 
size of the dilated pelvis and to improve urinary drainage 

Ferrer^® stated that total lenal compression is the result of chronic 
lenal obstruction Partial renal compression, such as that produced b) 
tumors of one pole of the kidney oi stones in the kidney, or the minor 
or major cahees, will not by itself produce true hydronephrosis 
Bilateral hydronephrosis occurs only when obstiuction is in the lower 
part of the urinary tract This obstruction reflects back pressure on the 
pelvis and, if fiee collateral venous circulation is formed on or around 
the capsule of the kidney, pressure atrophy will take place in the renal 
substance, with the formation of atrophic hydronephrosis When this 
type of hydronephrosis is established, the atrophy will take the form 
and shape of the venous arches that surround the superior portion o 
each renal papilla 

18 Ferrer, J C Renal Compression, J Urol 22 453 (Nov ) 1929 
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Stone — Keyes leported on the results of operations on 6 patients 
who had only 1 kidney, 5 opeiations were pei formed for stone and 1 
was peifoimed for acute suppuration Decapsulation was performed 
in a case of acute suppuiative nephritis, pyelotomy was performed m 1 
case, and pyelonephi otomy in 4 None of the stones was large The 
patients have survived fiom a few months to thnteen years Roent- 
genograms aftei operation did not reveal stone One patient who began 
to pass stones fiom five to ten years aftei the last operation has had 
3 operations on a single kidne}'^ Another patient has had 2 operations 
The convalescence of these patients did not diflfer materially from that 
of similar patients with 2 kidneys One patient with acute suppuratue 
nephritis was so sick that when she recoveied from decapsulation she 
had no recollection of the day before the operation After decapsula- 
tion, her temperature became normal and her mind clear In the cases 
of stone, operation was done for anuria m 4 cases and for persistent 
pain m 1 case At the time of opeiation the anuria had lasted one, two, 
four and six days, respectively 

Two special precautions are taken in opeiating m cases of this type 
in the hope of minimizing postoperative lenal congestion the pyelotomy 
incision IS left unsutured, and the kidney is decapsiilated Theie has 
been no alarming failure of renal function after operation Keyes 
attributed the fact that these patients stand opeiation almost as well as 
patients with two kidneys to the gentle handling of the kidneys and 
to a less severe immediate postoperative reaction in alieady infected 
kidne 3 s than occuis m opeiations on noimal renal paiench 3 ma 

Walteis-® repoited on 43 opeiations in cases of solitaiy kidney or 
ureter at the Mayo Clinic Thiity-five of these operations were for 
stone, in 8 cases uieteiohthotomy was pei formed The operative mor- 
tality m the entile group was 14 pei cent, wheieas the 8 operations on 
the uietei were done without mortality The patients who failed to 
lecover had varying degrees of lenal msiifficienc} and infection, and 
died in uiemia He emphasized the necessit}’^ of eail) operation for the 
removal of stones m a solitary kidne}’^ and ureter before renal infection 
and decreasing function increase the risk of the operation The patient 
should be leexammed at frequent mteivals, especially if urlnar^ hthiasis 
has been a complication 

Tumoi — ^Judd and Hand reiicwed 367 cases of carcinoma of the 
kidney obseried at the ]\Ia^o Clinic mer a period of twenti-scien 

19 Ke%es E L Operation on the Smple Kiclne\, Ebpecnl]\ for Stone, J \ 

M \ 94 152 (Tan 18) 1930 

20 Walters, \\ altman in discussion on Ke\es (footnote 19 p 155) 

21 Judd, E S and Hand T R H\pernephrom'', T Erol 22 10 (Juh ) 1929 
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years Two hundred eighty-three of the 312 patients who underwent 
nephrectomy and 47 of the 55 who were submitted to exploration have 
been traced 


These caicmomas of the kidney appeal as soft, loughly spheiical 
grayish-yellow growths, often hemoirhagic, and associated with tor- 
tuous, dilated superficial veins In the senes of 283 cases the car- 
cinomas were confined to the upper pole m 51 cases, to the lower pole 
m 60, and to the median lenal legion of the kidney in 39, the entire 
kidney was involved m 10, and the involvement was not recorded in 
123 The capsule was ruptuied in 104 of the cases, and the renal veins 
were involved m 51 Metastasis was obseived in 98 cases Occasionally, 
significant symptoms did not appear until the tumoi ivas unusually 
large The lesion involved the light kidney m 169 cases and the left 
kidney m 196 In 2 cases the side involved was not stated One hun- 
dred and sixty-one patients noted the first symptom before the age of 
50 , 203 noted it after 50 , the age of 3 was not recorded The average 
duration of symptoms and the average postoperative length of life, both 
of the patients who died and of those living, is less for females than 
for males, suggesting that malignancy runs a more rapid course in 
females 


Hematuria was the first symptom in 43 86 per cent of the entire 
series of 367 cases Pam was the initial symptom in 37 32 per cent of 
the cases, a tumor was the first symptom m 13 62 per cent, and weak- 
ness was given as the fiist symptom in 3 26 per cent Hematuria 
occuired in 69 per cent, and a tumor was noted in 80 pei cent Chills, 
fever and night sweats weie present m about 10 per cent of the cases, 
indicating that the patient may have been reacting to a certain degiee 
of pyelonephritis Pam occurred in more than 80 per cent of the cases 
When the tumor was laige enough to be palpated, and when it had 
become fixed, the mortality rate increased The size of the tumor beats 
a definite relationship to the postoperative length of life The imme- 
diate iisk of the operation is greater if the tumoi is large If the 
tumors were small the patients lived considerably longer than if they 
were of moderate size oi laige 

There was extension to the renal vein in 51 of the cases in which 
nephrectom}'’ was carried out , 9 of these patients are still living Judd 
and Hand concluded that in cases in which the tumor can be removed 
without too great risk, it should be done in spite of the mvohement o 


the vein and pedicle 

If the tumor is large, the usual posterolateial incision may he 
enlaiged enough to give satisfactory exposure The skin, fascia an 
lateral abdominal muscles are cut, and posteiiorly the quadratiis Imu 
boiiini and the costm eitebral ligament may be dnided this mobilizes 
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the lower part of the thorax In man}'^ of these cases it may be ad^ an- 
tageous to fracture the lower nb by simply reti acting it with the hand 
The peritoneum is retracted away from the tumor, which usually bulges 
well foiward Retraction of the peritoneum permits exposure of the 
vascular pedicle and examination of the regional lymph nodes As 
soon as the tumor has been mobilized and lifted away from the pen- 
lenal tissue, the exposure is completed The kidne}'- is generally adherent 
to the fatty capsule and is covered with laige dilated veins Usually it 
is advisable to ligate the pedicle and to remove the clamps, if a laige 
mass of tissue is clamped and the tissues are edematous and f liable, this 
IS not always safe In about 10 per cent of the cases it seemed best 
to leave the clamps on the vascular pedicle for se^ enty-two to nmet^^-slx 
hours Following nephrectomy alone, 3 patients returned because ot 
recurrence in the ureter Removal of the upper part of the uietei is 
indicated m all cases of malignant renal neoplasms but its entiie remo\al 
IS not indicated in cases of this type 

Metastasis is common, progresses slowly, and is difficult to recog- 
nize It may not cause trouble until years after the primary focus has 
been recognized and treated Metastasis to the lung is most common 
Minute foci occur which are not distinguishable m an ordinar} loentgen 
examination of the lungs Definite metastasis occurred in 70 patients of 
this series , it was in the lungs in 39 , m the liver m 13 , m the brain in 
5, and in the bones in 11 

Eighteen men and 8 women had lived ten yeais or nioie The 
average age of the men was 49 yeais and of the women 48 years at the 
time of operation The right kidney was imohed m 15 cases and the 
left in 11 The average duration of symptoms was slightl} more than 
three 3 fears before opeiation The fiist symptom m order of fiequenc} 
was pain m 12 cases, hematuiia in 9, and tumor m 2 A palpable tumor 
was demonstrated at the time of opeiation in 11 cases The tumor was 
reported as large in 13 cases The longest length of life aftei operation 
foi alveolar carcinoma m the series was six j'^ears and ten months, and 
after operation for h} pernephroma, twent 3 ’’-two 3 eai s and eight months 

Judd and Hand concluded that carcinoma of the renal cortex is 
extremely malignant and often is w^ell ad^anced before SMiiptoms are 
noticeable Alveolar carcinoma is the most highh malignant of the 
^arlOus types of renal carcinoma whereas adenocarcinoma is less 
malignant, judging from the clinical course Because 106 of the patients 
of their series Ined from three to twent 3 -two 3 ears Judd and Hand 
aie of the opinion that opeiation will lesnlt in cure m a definite propor- 
tion of cases 

[Ed Note — This stud 3 bears out contemporai \ concepts of renal 
neoplasia so far as lelatue malignanc\ of sarcoma carcinoma anc 
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h)^peinephio]d tj'pes of lenal tumois 3S concerned The fact that sui- 
gical treatment of 367 cases resulted m prolonging the life of 106 
patients affords a hopeful outlook The use of ladiotheiapy, either 
preopei atively or postopeiatively, is not mentioned The fact seems well 
established that as yet m this field of neoplasia little may be expected 
of such physical agents ] 

Kukudschanow,"" m studying lenal paienchyma in association with 
tumorous conditions, noted that the changes may vaiy within wide 
limits, but usually it lemains unchanged The pathologic-anatomic 
changes in the kidney are about 60 per cent neplnotic and 50 per cent 
interstitial Only laiely is the entiie kidney affected, the condition 
usually being local The changes aie commonly noted m the cortex 
Sclerosis of the vessels is frecpiently noted (70 to 75 per cent) Focal 
conditions of a nephrotic natuie ma}^ occur (20 per cent) Functional 
disturbances of the kidne}'- are absent, or, if piesent, are only moderate 
There is no connection beUveen the size of the tumor and the severity 
of parenchymal changes In cases m Avhich onl}^ a sixth to an eighth of 
the parenchyma of the kidney remains, theie is severe parenchymal 
change The parenchyma not affected by the tumor may be disturbed 
by pressure of the tumor, stasis of blood, letention of urine oi by the 
toxic products of the tuinoi These factois may occui one oi more at 
the same time, whereas in the later stages they may be superimposed 
on one another 


Schmidt-^ reported on a senes of 71 cases of tumor of the kidney 
Twenty-three of these cases weie not considered because opeiation had 
been pei formed elsewhere or a histologic examination was not made 
Of the remaining 48 cases of tumor, 3 were benign and 45 malignant 
The tumors comprised 6 14 pei cent of all diseases of the kidney m 
which treatment has been given The benign tumois were papilloma of 
the renal pelvis, papillary adenoma of the kidney and papillary 
c}'Stadenoma of the mucous membiane The malignant tumors con- 
sisted of 29 hypernephromas, 6 carcinomas, 1 papillary carcinoma o 
the pelvis of the kidne)'^, 3 lenal sai comas, 1 suprarenal sarcoma anc 
5 congenital mixed tumors in childien Fiom an analysis of this 
material it wms concluded that neithei the duration nor the frequeiic) 
of the classic symptoms, such as palpable tumor, hematuria and pam, 
was any criterion of the growth oi spiead of the tumors -Nei 
weie the operative data an indication as to piognosis The size 


22 Kukudschanow, N J Die Veranderungen der Niere in der 
Umgebung der Affektionsstelle bei Nierengeschwulsten, Ztscbr f urol ir 
337 (July) 1929 

23 Schmidt, A Der Wert der klassischen Nierentumorsymptome 

Fruhdiagnose, Beitr z kbn Chir 145 48 (June) 1928 
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malignanc} of the induidual tumois might indicate some idea as to 
expectancy of life Schmidt does not belie\e that caidmal symptoms 
are necessar}^ foi diagnosis and when present usuall} indicate an exten- 
sive growth A crstoscopic examination was made in 70 pei cent of 
the cases In 29 per cent of the cases the bleeding side was noted 
directly In 73 per cent of the cases renal function, as detei mined by 
leturn of indigocarmine, aided in indicating the affected side In 10 
cases p}elography gave diagnostic aid Pneumoradiogiaphy, according 
to Rosenstem, gave excellent service in doubtful cases, such as in 
distinguishing between a renal tumoi and spleen 

Tuhciculosis — Medlar-^ expressed disagreement with the two 
prevalent ideas that excretoiy bacilluria exists without tuberculous 
lesions in the kidney and that tubeiculosis of the kidney never heals 
All obtainable evidence points to the fact that renal tuberculosis is a 
hematogenous infection and that it is but one manifestation of general 
tuberculosis In Some cases the major tuberculous lesion occurs in the 
kidne} From a study of the urine of animals experimentally infected 
with bacilli of tuberculosis, evidence was not found to support the new 
that the kidne} excreted the bacilli without tuberculous lesions of the 
ulceratne type being present in the organ When bacilli of tuberculosis 
were demonstrated in the urine, ulcerative tuberculous lesions in the 
kidney were present The conclusions uere that the bacilli were not 
excreted by noninfected kidneys and that their absence in the urine 
did not necessarily eliminate the jiresence of tuberculous lesions m the 
kidneys 

In the investigation of the healing of tuberculous lesions in the kid- 
nei , 30 cases in which death occurred from pulmonar} tuberculosis were 
studied, emphasis being placed on cases in which lesions were small 
lather than on those that w^ere large and w^ere noted late in the course of 
the disease It was found that the kldne^s are common!} ln^olved in 
fatal cases of pulmonar} tuberculosis The renal lesions are hemato- 
genous in origin, and both kidne} s are usualK inrohed, although one 
mar be more extensuely invoked than the other Scars weie demon- 
strated in a considerable proportion of those kidne} s m wdiich definite 
tuberculous lesions were also present These piobabl} represent healed 
tuberculous lesions although there is nothing pathognomonic of their 
haring been tuberculous IMedlar expressed the belief that a kidner 
with a laige tuberculous lesion will completeh heal and that it is possible 
tor it to become less actue and regress in its progressue character 

[Ed Note — For manr }ears the contention that healing ncrer 
occurs in renal tuberculosis has been accepted c's axiomatic Sporadic 

24 Medhr E M Tht Pithog«.ncMs oi Renal Txjbcrciilo-.iv, \xn T Surg 
7 60S (\o\ t 1929 
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reports of healed tubercle in the kidney haie been leceued with skep- 
ticism Recently the woik of Thomas and otheis has thrown some doubt 
on the matter Hence Medlar’s obseivations in cases of pulmonary 
tuberculosis coming to neciopsy are in line with the later conception oi 
the possibility of healed lenal tubeiculous disease Fioni the piactical 
point of view, it is still likely that the piactice of most uiologists will 
be nephrectomy m unilateial lenal tubeiculosis if the process is at all 
advanced Certainly such patients if tieated surgically or otherwise 
should have at once the advantages of tieatment in a sanatoiium If the 
disease is bilateial, the indications foi opeiation aie moie limited In 
very eaily unilateral disease conseivative medical treatment should be 
employed only if the patient is undei fiequent obsenation b} a urolo- 
gist and IS being treated undei sanatorium conditions ] 

Olsen stated that lenal tubeiculosis and associated renal lesions is 
not uncommon, some of the coexisting lesions cited were true lenal 
stones, leukoplakia of the lenal pelvis, sohtaiy^ c}st of the kidney and 
adenocarcinoma To avoid classification of all the symptoms under 
one disease, a caieful, complete pieopeiative uiologic investigation, 
together with thorough pathologic studies, is urged 

Thomas,’^® in a lecent review, observed that fiom 25 to 35 per cent 
of all nephrectomies are done because of lenal infection caused by the 
bacillus of tuberculosis Forty per cent of such patients aie not cured 
by nephrectomy but continue to have persistent symptoms referable to 
the bladder, the condition for which many are seeking relief 

Certain pathologic types are lecognizable (1) m toxic albuminuria 
without casts, few if any pus cells in the urine, and if ulceration occurs 
it may contain bacilli of tuberculosis, (2) m subacute and chronic 
nephritis albumin and casts in the urine, bacilli of tuberculosis may be 
present and pus cells frequently are present, (3) hemorrhagic nephritis 
characterized by blood cells m the urine, light albuminuria and a few 
casts, and (4) amyloid degeneration, a ty^’pe glomerulonephrosis which 
IS possibly the result of inflammatory reaction in the kidney caused bv 
the bacillus of tuberculosis directly, or b} toxemia caused by tuberculous 
infection elsewhere 

In the majority of cases, renal tuberculosis is a bilateral condition 
Repeated examinations are necessary to prove the presence of a non 
destructive tuberculous infection in an apparently sound kidnej One 
infected kidney should not be removed until it has been proved con 
clusi-vely that the other does not contain a destructive lesion 

25 Olsen, Sidne}’’ Associated Renal Pathology in Renal Tuberculosis J 
23 81 (Jan) 1930 

26 Thomas, G J Renal Tuberculosis, J A ]\I A 94 229 (Tan 251 19 
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destructive lesions will heal, and the patient with this type of lesion 
should have the advantage of treatment in a sanatorium to assist him 
in building up lesistance against tuberculosis Nephiectoni} is not the 
sole treatment for renal tuberculosis Aftei operation, the patient 
should be kept in a sanatoiium until no evidence of actue tubeiculosis 
can be found, urinary or otherwise 

Braasch stated that the diagnosis of eail}- lenal tubeiculosis is fie- 
quently made only aftei repeated inoculation of guinea-pigs or long 
study of the case, and the condition nia} easily be ovei looked if onlv 
the usual clinical methods aie emplo3’-ed P}elogiaphy will often 
demonstrate defoimit}’’ in such cases, which is not apparent b} othei 
methods Inoculation of guinea-pigs, as well as lenal functional tests, 
are uncertain in their results When the diagnosis is in doubt urography 
offers the most valuable aid One of the gieatest difficulties in the 
study of renal tuberculosis is to determine whethei the disease is 
unilateral or bilateial It has been shown lecentl}- that the results of 
inoculation of guinea-pigs with mateiial from a health} kidnex is tre- 
quently positive, as the result of regurgitation of bacilli of tuberculosis 
from the bladder 

Frisch-® stated that the diagnosis of unnai} tuberculosis does not 
offer special difficulties unless organisms aie found othei than bacilli 
of tuberculosis Formerly steiile pyuiia was assumed to be pathog- 
nomonic of tuberculosis It is only recently that the role of mixeo 
infections has been consideied Wildbolz noted mixed infections m 
22 per cent of his cases of renal tuberculosis , Runebeig noted it m 
37 per cent of 2,655 cases , Sutei noted 8 cases in 78 Pousson 12 m 32, 
and Rafin, 71 in 239 

Colombmo demonstrated that in tubeiculosis of the uiogenital tract 
the leukocytes exhibit charactei istic changes In an untreated piepa- 
lation of the urine, there may be seen elongated, dented oi jagged 
foims, occasionally theie may be oval protoplasmic bodies, wdiich come 
from the leukocytes After staining, man} \acuoles are found about 
the nucleus, and the protoplasm shows maiked shrinkage If leuko- 
cytes thus formed aie found in conjunction with er\throc\tes, it i^- 
faiil} certain that tuberculosis is present Frisch stated that this 
phenomenon was piesent m all of his ten cases Bactenologic exami- 
nation of the sterile urines re\ealed the colon bacillus m 5 cases 
streptococcus m 2 cases, and staph\ lococcus m 3 cases In 1 case the 
bacillus could not be demonstiated prcoperatn eh The source of the^^ 
secondan infections is not known 

27 Braasch, W F, in discussion on Thomas ftootnote 26 p 23S) 

28 Frisch, Bruno Ueber Mi'Chmitktion hei Xierentuberkulo-e Zt'C »' 

urol Chir 27 248 192Q 
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Pc) incplmtic Abscess — Feci -'•* noted that penienal abscess or peii- 
nephntic phlegmon may occui m the acute, subacute oi chronic form 
The chionic foim is the more common and the most difficult to diagnose 
He is of the opinion that loentgen examination may yield significant 
data m legaid to the diagnosis The abscess cavities were injected 
with a substance opaque to the roentgen rays These data, linked with 
the clinical symptoms, permitted him to make a coriect diagnosis in 
2 cases 

29 Feci, Lorenxo Contribnto radiologico alia diagnosi degli ascessi penrenali, 
Arch ital di urol 4 503 (Aug) 1928 

(To be Continued) 
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CONGENITAL INSUFFICIENCY OF THE PALATE 

GEORGE MORRIS DORRANCE, MD 
Professor of Maxillo-Facial Surger}', Thomas W Evans Museum and Dental 

Institute School of Dentistry University of Pennsjdvama, Surgeon to 
St Agnes Hospital and the American Oncologic Hospital 

PHILADELPHIA 

He zvho knoivs the past can best mtcipiet the piescnt 

English Congenital insufficiency of the palate 
Congenital shortening of the palate 
Submucous cleft palate 
French Brievete velo-palatine 

Insuffisance velo-palatine 

German Submukoese Spaltung des harten Gaumcns 
Fissura ossea occulta 
Fissura muscularis occulta 
Italian Insufficienza velo-palatina 

Congenital insufficiency of the palate is a condition in wdnch the 
velum, assisted by the superior constrictor muscle of the pharynx, fails 
to produce sphincter-hke closure between the nasophar 3 mx and the oro- 
pharynx, a condition essential for the production of normal speech 
While congenital insufficiency of the palate has probably existed from 
the beginning of the human race, no reference to it occurs in the 
literature until 1825 

Roux,^ in 1825, fiist called the attention of the medical profession 
to congenital insufficienc} of the palate He stated in his paper that in 
1823 he was consulted by a young girl who nasalized so badh that her 
speech was unintelligible He described in this girl a cleft of the pos- 
terior portion of the velum, and stated that there was fault) union of 
the osseous tissue of the hard palate under an intact mucosa As far 
as I have been able to ascertain by an exhaustive stud) of the literature, 
Roux was the first to describe this variety of submucous cleft palate 

Submitted for publication. Tan 8 1930 

* The artist’s drawings which appcir m this cssa\ were made b\ Mr Erwin 
F Faber of Philadelphia 

This essa 3 was submitted for the Aharcnga Prize oi the Colltec of Pln- 
sicians of Philadelphia, Pennsihania Mar 1 1929 The Ahartnga Prize was 
awarded for tins essai Tuh 1-4, 1929 

1 Roux, Joseph Philibert Mcmoircs sur stapln lorrhapliie, Pin< T -S 
Chaude, 1825, p 84 
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Demaiquay,- in 1846, exhibited a dissection in which theie was a 
clett of the velum and the bony palate, the cleft in the lattei being 
filled with fibiotis tissue, the mucosa was intact 

In 1862, Passa\ant“ desciibed the absence of a median triangulai 
portion of the posteiioi pait of the bony palate The mucosa over this 
poition was intact The patient also had a cleft of the velum and the 
alveolai boidei Passavant stated that healing occuried in the velum 
at the age of 15 months 

Langenbeck,^ in 1854, difteientiated thiee foims of congenital anom- 
alies of the palate m which theie was absence of bou}'^ tissue undei- 
neath the unaffected mucosa lie desciibed the following varieties 

1 Cases of cleft of the velum m which the bonj palate is almost entirely 
absent, although the mucosal covering is present 

2 Cases of cleft of the velum and hard palate in which the fissure in the bony 
palate is more extensive than m the soft parts covering the palatine vault 

3 Cases of cleft of the velum associated with a fine split either in the niidline 
or to either side of the vomer, with the mucosa intact 

Notta,'"' in 1869, leported a case of a girl, aged 11 }ears, in 
whom the uvula was cleft Undei the intact mucosa theie w^as a tri- 
angular bleach in the substance of the haul palate, extending from the 
incisive fossa and ending posterioily with its base m line wnth the 
last molar tooth The patient spoke with a distinct nasal tw^aiig 

In 1869, the teiin “bnevete de la voute palatine” w^as introduced by 
Irelat® Tielat attiibuted the nasal intonation to the anteioposteiior 
shortening and lateial nan owing of the hard palate He also recog- 
nized the association of aiitei opostei loi bievity of the bony palate and 
described the notching of the palate bones towmrd the velum 

Gayiaud,’" in 1884, called the attention of the medical piofession to 
the fact that this type of congenital anomaly, namely, anteioposteiior 
shortening of the palate, was much moie common than w'^as hitheito sup- 
posed, and he felt that it w'-as the chief factoi m causing nasal speech^ 
Lermoyez,® m 1892, intioduced the teim “msuffisance velo-palatme, 
and m a lucid and detailed tieatise desciibed tw^elve cases 

The fiist one to call attention to the condition in America ivas 
Mears ° of Philadelphia, wdio m 1893 lepoited a case in a young lad) 

2 Demarquay Bull Soc anat de Pans 21 11, 1846 . 

3 Passavant Gustav Arch d Heil 3 334, 1862, Arch f kbn Cbir 
333 and 587, 1865 

4 Langenbeck Arch f klin Chir 5 7, 1864 

5 Notta Bull Soc de chir de Pans (1869) 10 419, 1870 

6 Trelat, U Bull Soc de chir de Pans (1869) 10 402, 1870 Paris 

7 Gayraud B Dictionnaire encyclopedique des sciences medicale, 

Masson et fils, 1884, vol 19, pp 698 and 702 ^ 

8 Lermojez, Marcel A.nn d mal de I’oreille, du lar 3 mv 13 16 "Aarcl 

9 Mears, J Ewing Southern M Rec 24 59 1894, Clefts o tie 
and Soft Palate, Philadelphia, 1893 
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with iiniKul '•hni kmni^ ot iht \Lhiiii .nui .i ])i onoiinccd n.isal and 
i:nt(( i.il ‘'pcii h 

r.otiN ()i J^imlniM fll\I'^ld .m opciiition in 1907 foi the concc- 
imn <'t Uns di)onnU\ 1 nillut <let.nls ot this optiation \mI! he dis- 
itk'-id l.il(i Ml tin liodv o| this |)i]Hi 
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\ Mill III s 

Loni^onit.il insufficicnc}' of the palate maj ^al} in accoi dance with 
the following foims 

1 Caves 111 wincli (lie enlire pihtc is iiornnl in appearance, but in whicli the 
\clniii is iiinbiL to approMiiiate the pIiarMiceal wall because of anteroposterior 
vlieirte nine: of the liiril pihle and the \cluni 

2 Casev in wliieli the \eluni is norniil in leiifith and in which the hard palate 
IS sliort 

1 Cises in wliieli the h ird pilate is iioinial and the echini shorter than normal 

d Cises 111 wliieli the h ird pal ite is norm il in length and outline but in 
winch time is a snhmueoiis cleft of the eehim 

5 Cises in which the echini is iioriii il in ipjie nance and length and in evhich 
there is a snhnincoiis elelt extending into the hard jialatc 

6 Cases 01 insunieience of the pilitc eehieli occur after successful cleft palate 
oiierations, the eehiiii being too short to leaeh the posterior pharjaigcal ee'all 

LHOI 0(.\ 

At tiic picscnt tunc, the ctiolog} of congenital insufficiency of the 
jialate is unknown 1 he same conditions wdiich cause other types of 
cleft palate, naincly, an ariest in deaclopment due to some abnoimal 
distuihance, ‘ ina\ lesult in congenital instifficienc} Just wdiat the 
factors aie that produce these deviations, one cannot say It is known 
that heredity plajs an impoitant idle, foi defects may be handed down 
fiom generation to geneiation An}' t}pe of defect may lepeat itself 
111 the oflspriug, and it is well known that persons wuth congenital 
anomalies of the palate ficquently piesent malformations in other parts 
of the bod} It is inteiesting to note the exiilanation ofteied for con- 
genital defoi unties of the palate 

Fortunius Licetus,''’'* in his wuitings published in the early part of 
the 17th centur}, lecorded the accepted opinions of his time, regarding 
many of them as absuid y\mong these weie some of the widely prev- 
alent Aristotelian view's Licetus attiibuted these anomalies to dis- 
eases of the fetus, mateinal impressions, superfecudation and nutritional 
disturbances aftecting the developing fetus 

Pierre Sylvian Regis, “■* m 1690, first called attention to the important 
role played by heredity in predisposing the transmission of these deform- 
ities His view's w'ere supported by Winslow', Haller, Meckel and others 

Geoffrey St Plilaire proposed that mechanical influences were the 
mam factors that produced these anomalies Panum and Dreste 

53 Rokitansky, Carl A Manual of Pathological Anatomy, Philadelphia, 
1855, vol 2, p 17 

54 Quoted by Tinfahy, S J de med e chir et de pharmacol 37 335 and 
422, 1863 

55 Quoted by Kramer, Josephy Ueber Wolfsrachen und fruhzeitige Urano- 
plastik, Inaug Diss , Kiel, 1900 



190 


ARCHIVES OF SURGERY 


attempted to suppoit Hilaiie's views by expeiimentation Panum pro- 
duced defoimities m chickens painting tlie eggs with vainish, and 
Dieste accomplished the same b)^ placing the incubating eggs on one end 
Viohk and Nicati also favoied the mechanical theoiy, holding 
that the cleft palate was tlie lesult of inci eased development of tiie 
tongue which intei posed between the palatal plates, pi eventing them 
fiom uniting m the midhne His coiioboiated this theoiy and added 
that he felt that the upwaid piessuie of the fist of the fetus on the 
mandible was instiumental in Avedging the tongue between the palatal 
plates Panum latei lef cried to the influence of amniotic adhesions 
ill producing defoimities of the palate 

AhlfekH'^ attempted to explain the piesence of clefts by calling 
attention to the fact that h} diocephalus was a fiequent factoi in these 
cases He felt that the widening of the base of the anteiioi fossa of 
the skull in cases of h} di ocephalus pi evented the palatal plates from 
meeting m the midhne Fein,'^ an aident suppoitei of the mechamca! 
theoiy, called attention to the piesence of adenoids in cases of cleft 
palate, attiibuting then mechanical influence as a cause foi the pioduc- 
tion of these defoimities The association of adenoids with cleft palate 
or submucous cleft palate is ceitainly not a factoi m piodiicing the 
deformit}', since adenoids do not apjjeai in the fetus until the third 
month of mtia-uteime life, a peiiod at which the palate is completel) 
foinied 

Wainekios,®' demonstiating by means of the x-iays the piesence 
of supeinumeiaiy teeth in cases of cleft palate, asciibed the lattei to 
the piesence of the foimei I feel that the piesence of supeinumeiaiv 
teeth in cases of cleft palate is a meie incidence 

Schoii spoke of ai chitectonic and vegetative factoi s which give 
rise to congenital defoimities He pointed out that any iiitei f erence 
with the piocess of mapping out the palate m definite diiections favois 
vegetative giowth, i e , giowth in all diiections, and that in these cases 
any degree of monstiosity may lesult 

Giunberg^® mentioned external and internal phenomena that act 
on the developing fetus He believed that malfoimations of the palate 
weie laigely due to internal distuibances which weie within the develop 
ing fetus propel, including among these heiedity 

Bumba suggested that syphilis was the chief iiiteinal factor 
involved Seeman has dismissed this ei i oneous concept, obtaniak 
negative Wassermann leactions in cases of submucous cleft palate 

56 Ahlfeld Die Missbildung des Menschen, Leipzig, F W Grunov 188 

57 Warnekros Arch f Lar 3 ngol u Rhinol 21 144, 1909 

58 Schorr, George Virchows Arch f path Anat 197 16, 1909 
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Ch.iilts M.no ' oNpit'^scd his intci prct.ition of anomalies m the 
tollowme: \\oh1s 

\s niiL oli'-LMts birtli fit fids nr nnoimlits it is .ijiinrciit tliat mam of them 
irt. nnrmil (.ondiliniis in sniiit lower form of lile t k? Harelip, cleft palate, 
fissiiu fltieels mom dies m cirt til ition, multiple ureters, diblocation of organs, 
eliihloot iiostintil deimoids md defects due to changes m the eeoliition of 
the mter\trtehr ite to i \ertehrite which largeh iftccts the ner\oiis S3Stem — 
iiiceplnhis, luflrfiteiihahis, spun hi fid i I3\i>eriment ilK, changes m the salts in 
which the egc's oi s[\eril ot the lower forms ol life arc developed lead to a 
eertain jiereeiitnge ot mom dies Tins is tindoiihtcdh the re ison wh^' a high 
t\iK of fish like the snimon prtih ihh m an e\oliition<ir\ st ite, leaves salt water 



Fig 1 — Head of a 15 mm human embrvo, X 18 (After Peter) A indi- 
cates the anterior nans, B, stomodcum, C, lateral nasal process, D, globular 
process , E, ma\ill irj process , I , mandibular arch 

to laj eggs m fresh water Anomalies in the embrjo occur in variation in fluid, 
especiallj excessive quantitj of hj'dramnion It is most probable that the cause 
of embrj'onic deformities is due to the changes in the salts of the amniontic fluid 
in which the egg is developed, just as it happened to be m lower tjpes of life 

As stated prevnousl^, despite the fascinating theories advanced in 
explanation of various anomalies, one is still unable to state definitely 
then etiology Each form of anomaly of the mouth or of the palate 

59 Maj'o, Charles Discussion of Brophv'’s paper in Tr Sect Surg, Gen- 
eral & Abd , A A'l A , 1918, p 30 
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requiies a sepaiate embryologic interiDietation The following embryo- 
logic interpretation is limited to a consideiation of submucous cleft 
palates alone 

The first branchial arches give use to the maxillary processes which 
proceed forward to meet the descending nasofrontal process, the fusion 
of which foims the upper jaw (fig 1 ) From the mesial aspect of 



Fig 2 — Head of a 20 mm human embryo, from model, X (After Peter) 



Fig 2 a — A diagrammatic sketch of figure 2 A indicates the anterior 
B, primitive choana, C, roof of the primitive mouth cavity, S)> nud^le naw 
process , E, lateral nasal process , F, maxillary process , G, papilla palatina , 
alveolar process , /, palate process 

each maxillary process, ledgehke projections appeal and advance 
the midline, where they unite with each other and the septum nans 
form the involucrum palati (figs 2 and 3) An embryonal cleft 
or space lying between the palatal processes exists as a noimal con 
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in the cnibno clunng the caily stages of its development (fig 4 to be 
compaicd ^\lth fig 5) It giaduall)' diminishes in extent as development 
jnogi esses ihese pioeesses begin to unite fiom before backward m 
the eighth week of intia-utcimc life At the end of the ninth week, 
the haid palate becomes full} foimed, although the velum lemains cleft 
A few ckns latei, howe\ei, the velum completely closes This fact, 
accoiding to Giunbeig,’''' explains the laiity of submucous cleft palate 
and the ficqucncy of clefts invohing the posterioi pait of the palate 
E\identh the distuibance of furthei union of the maxillaiy elements 
cntciing to foim the iinolucium palati sets in at the same time that 
union of the m.ixillai} and nasofiontal piocesses begins anteriorly 
This piimai} union foims the piimitive palate wdiich separates the 



Fig 3 — The anterior portion of the head of a 15 mm human embryo, from 
a model , X 16 (After Peter ) A indicates the lateral nasal process , B, anterior 
nans , C, maxillary process , D, eye , E, primitive choana , F, palate ridge 

anterior nares fiom the mouth cavity That part of the anlage which 
goes to form the oral mucosa continues its piocess of union and the 
soft tissue covering for the palate is thus formed to the tip of the 
uvula or perhaps to some distance anterior to it In the meantime, that 
part of the anlage which enters to form the bony palate and in which 
the process of union has been inhibited may or may not resume its 
function while the soft tissue anlage is in an advanced stage of develop- 
ment, in other words, the degree of submucous cleft palate is propor- 
tionate to the extent of inhibition of union m the mesodermic elements 
entering to form the bone This, according to Peter, explains the 
varieties of submucous cleft palate 






Fig 4 — Head of 30 inm human embryo, X 10 (After Peter) 



Fig 4 a — A diagrammatic sketch of figure 4 A indicates the anterior nans 
B, cleft in the palate, C, middle nasal process, D, lateral nasal process, 
maxillary process, F, processus palatinus, G. uvula, H, palatopharjmgea o 
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M’l’MLP AVA10M\ \MJ PAT IlOLOGV 

"J he IS suspended fioni (he base of the skull by the fascia 

lili.vnngobasilans, the altaclmient of which is shown in figure 6 To 
this fascia IS .ittachcd tlic iijiper hoidci of tlie supeuor constnetor 
imisclc o} the pli.innx as shown in fignies 7 and 8 The pharynx is 
also held doisalK to the tissue King on the ventral aspect of the verte- 
hial column h\ f.iscial stiands extending iiom the piereitehial fascia 
'J lie pli.iyingeal c.nial is a nnisculai tube whicli moves fieely upw'ard 
and downwaid while peifoimmgits functions Velophai}ngea] closure 
is accomplished In a sphinctei-hke mechanism at the low^est pait of the 
nosapharMix, which stiucluie it shuts oil fiom the oiophai}nx This 



Fig 5 — Cleft palate in a new-born child from Kollmann’s Atlas (After 
Peter ) A indicates the buccoalveolar sulcus , B, processus alveolans , C, cheek , 
D, cleft in uvula , E, prcmaxilla , F, septum nasi , G, processus palatinus , H, 
base of the cranium 

mechanism is fairly complicated The structures concerned in causing 
the closure are the lowermost portions of the nasopharyngeal wall on 
one side and the velum on the othei The portion of the nasophai yngeal 
wall which entei s into this mechanism is composed of the posterior wall 
of the nasopharynx , the lateral walls of the phar}mx with the eustachian 
tubes and the salpmgopharyngeus bands of the palatopharyngeous mus- 
cles The posterioi wall of the nasopharynx where nasopharyngeal closure 
occurs IS formed by the pterygopharyngeal portion of the superior con- 
strictor muscle, wdnch on contraction constitutes wdiat is usually referred 
to as Passavant’s cushion (fig 7) The velum from the standpoint of 
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function IS divided into two paits, an anterioi hoiizontal portion made 
up essentially of musculai tissues and a posterior vertical portion which 
hangs down fiom the foimei The latter segment is formed almost 
entirely by the uvula At the junction of these two poitions theie is an 
interlacing of the palatal muscles It is at this point that the levator 
muscles are attached to the palatine aponeuiosis The levatoi palati 
muscle of one side blends with its fellow of the opposite side at their 
point of inseition into the palatine aponeuiosis So close is then union 
that the levatoi palati muscles must be consideied as acting as one 
muscle The backwaid and upnaid elevation of the velum depends 



Fig 6 — The heavy line shows the attachment of the fascia phar 3 mgobasi aris 
to the base of the skull A indicates the hamular process , Bj pterjfgoid p a e > 
C, sphenoid bone , D, vomer , E, occipital bone , F, foramen magnum 


exclusively on the position of the insertion of the levator palati mus 
cles Examination of figuie 9 demonstiates this fact The nasa 
aspect of this poition of the velum winch coriesponds with the attaci 
ment of the levator palati muscles appioximates Passavant s 
during velopharjmgeal closure and foinis the anteiior segment o 
mechanism At i est, the uvula hangs down as a curtain , in ascen 
slightly on velophai yngeal closure, it contracts to make the vertica ai^^ 
dependent poi tion of the velum shorter This causes the velal 
to become broader, thickei and shorter at the point of insertion o 
levators (figs 9 and 10) The elevation of the pharynx brings 


Fig 7 — Lateral \ie\\ of the pliarjn\, showing the superior constrictor muscle 
A indicates the tensor palati “cut” , B, levator palati , C, pterygopharyngeus , D, 
buccophan ngeiis , E, mvlopiiaringeus, F, glossopharyngeus 



Fig 8 — View of pharynx from behind A indicates the petropharyngeus 
muscle, B, occipital bone, C, fascia pharyngobasilaris , D, superior constrictor 
muscle, E, middle constrictor muscle, F, inferior constrictor muscle 
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iniiscleh into piopci position enabling them to close the commumcation 
between the oial <incl tiie n.isal poition of the phaiynx In othei woids, 
the su])eiioi constiictoi muscle of the phaiynx pulls the lelaxed mus- 
culai tissue upwaid and foiwaid wdiile the lateial w’^alls approach the 
midlme The \ehim is bioui^ht upwaid and baclvW''aid b)'- the conti action 
of the lc\atoi p.dati muscles It is a w'ell knowm fact that no muscle 
111 the bod} acts alone without an antagonist to lesist its action It is 
also iccogni/ed that ceitam muscles in the body aie so constructed 
that one poition of the musele may exeicise a ceitam function while 
anothei jioition is model ateh conti acted oi even at lest The tensor 
palati muscles laise the •\elum up to the level of the hamulai processes 
Texond this iiomt the\ act as antagonists to the levatois (figs 11 a and 



pter3goid plate, B, tensor palati muscle C, hamular process 

llfi) The tensoi jjalati muscles make the palatine aponeuiosis tense 
Noimally, the tensoi palati muscles act togethei The portion of the 
tensoi palati muscles wduch aiises fiom the eustachian tubes passes 
aiound the hamular piocess to be inseited into the horizontal plate of 
the palate bone in the transA'eise ridges This j^ortion of the muscle 
dilates the eustachian tube The portion wduch arises from the scaphoid 
fossa at the base of the mesial pteiygoid plate and the spina angularis 
of the sphenoid bone passes around the hamulai process, ladiating 
mesialw’-ard in a fan-shaped exi^ansion to be inserted into the palatine 
aponeurosis and to inteilace wuth its fellow from the opposite side 
This portion of the muscle pulls the A^elum fonvaid and outw^ard, thus 
making the palatine aponeurosis tense It is of interest to compare the 
function of this muscle in a noimal palate woth one in wduch a cleft 
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or submucous cleft is present In the latter condition, the two tensor 
palati muscles act sepaiately, thus pulling the velum foiwaid and out- 
ward and at the same time turning the tips of the divided uvula inward 
toward the median line (figs 12, 13 and 14) Billroth®® and Agnew®^ 
1 ecognized this, and advised dividing the hamular pi ocess or the tendon 
of tensor palati muscles when attempting to close palatal defects 

To counteract the foiwaid and outward pull of the tensoi palati 
muscles in cases of cleft oi submucous cleft palate, it is necessary to 
divide the posterior poition of the tendon of the tensoi palati muscles 
This poition of the muscle constitutes the lateral attachment of the 
palatine aponeurosis 

The palatopharyngeus muscle is difficult to dissect and more difficult 
to describe The muscle has a portion known as the salpingopharyngeus 



Fig 11 b — Photograph of specimen from the Mutter Museum of the College 
of Physicians of Philadelphia, showing dissection of the velum m man by 
Dr Adam Pohtzer A indicates the levator palati, B, palatine aponeurosis, C, 
tensor palati , D, hamular process 

muscle which enters to form a muscular band in the lateral wall of 
the pharynx (figs 9 and 15) The other portion of this muscle consti- 
tutes the palatopharyngeus arch and runs from the velum downward 
to insert into the lateral wall of the phaiynx The palatopharyngeus 
muscle, on contracting, depresses the velum, thus acting as a direct 
antagonist to the levator palati muscles This muscle, with its fellow 
of the opposite side, helps form the posterior pillars of the fauces 
IS convenient to consider these pillars as a pair of muscles which act 

60 Billroth, Theodor Wien klin Wchnschr 11 241, 1889 

61 Agnew, D Hayes The Principle and Practice of Surgery, Philade p 
J B Lippincott Company, 1889, vol 2, p 974 
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synchronously Their function has more to do with deglutition and 
vomiting than with speech, although they do draw the velum downward 
Further details of then function are omitted since they do not enter 
into the velopharyngeal closure 

In cases of submucous cleft palate theie is a deficiency in the 
posteiioi pait of the bony palate (figs 16, 17 and 18) This deficiency 
may vaiy fiom a mere notch to a laige V-shaped loss of bone The 
palatine mucosa is always intact The velum m this case is pulled 
f 01 ward with maiked shoitening m the anteroposteiioi diameter of the 



Fig 14 View of case shown m figure 13 while the patient attempts coirplef^ 
contraction Note how the sides of the cleft in the uvula approximate 

palate The central portion of the velum which covers the deficiency 
in the bony'^ palate is composed essentially of mucous membrane This 
membrane can be seen to move up and down in the loof of the mouth 
during respiratioir The insertion of the levator palati muscles in these 
cases is displaced forward Hence they'^ are unable to raise the velum 
upward and backward to the desired point against Passavant’s cushion, 
at which point, as previously stated, velopharyngeal closure takes place 
It must be remembered that there are cases of submucous cleft palate 
in which there is no loss of bone but a submucous cleft in the muscular 
tissues and in the palatine aponeurosis which enters to form the velum 
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The supenoi constiictoi muscle of the pharynx ]s composed of the 
ptei \gophai \ ngeus biiccophai \ ngeus and nn lophar} ngeus muscles (figs 
7 and 8) This muscle has other accessor} muscular slips,®" among 
A\hich aie the following petiophaix ngeus sphenophar} ngeus petro- 
phai} ngeus exteinus, occipitophan ngeus mastophar\ ngeus and az}gos- 
phanngeus These accesson musculai strands wdien present assist the 
supeiioi constrictor muscle to elevate the phar\nx However, one or 
moie aie frequent!} missing These muscles take their origin from 
the parts aftei which the\ are named 

The pter}gophai} ngeus portion aiises from the phar}ngeal raphe 
(fig 7) Starting about 1 25 cm to 2 cm below the pharxiigeal tubercle 



Fig 15 — Dissection of the iiasopharj n-s. in cleft palate A indicates the inte’’- 
nal pterjgoid plate, B, tensor palati , C, le\ator palati , D, salpingopharj ngeus , 
E, superior constrictor (From Wardill ) 

of the occipital bone, it runs outw^ard and forward to the posterior border 
of the mesial pter}goid plate and hamular process This muscle, which 
is the upper fasciculi of the superior constrictor muscle of the phar} nx, 
forms Passa^ ant’s cushion 

The buccopharyngeus, w’^hich forms the lateial wall of the phar}nx 
(fig 7), arises from the pharyngeal raphe and runs outw^ard and 
upw^ard to the pter}'-gomandibular ligament Its action produces a 
slight mesial constriction of the trans\erse axis of the phar}nx 

62 Toldt, Carl An Atlas of Human Anatomi for Students and Phjsicians, 
tr b} Af Eden Paul, Kew York, The Alacmillan Compam, 1926 
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The mylophaiyngeus muscle aiises fiom the pharyngeal laphe It 
luns clownwaid, outward and foiwaid to the posterior one fifth of the 
mylohyoid ridge on the mandible This muscle has nothing to do 
with velophai yngeal closuie 



Fig 16 — Submucous cleft palate (After A Brown Kelly) 



Fig 17 — Submucous cleft palate with split of the uvula in a man, aged 
(After Karl Peter ) 

The glossopharyngeus portion arises from the pharyngeal raph > 
runs obliquely downward, outward and forward and inserts a 
the sides of the tongue, blended with the transverse linguae musce 
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My conclusioiib on the function of the pharynx were deiived fiom 
dissections of human specimens, obseivations on noimal and abnoimal 
palatal cases and experimentations on animals I believe that the 
phai3ngeal muscles ha\e laiied actions, depending on the degree of 
the elevation of the phai3mx One can ieadil3'’ undeistand that if the 
phar3mgeal laphe is tense, these muscles will pull in on eithei side, 
pioducmg lateial nai rowing of the phai3mx, since they bung the lateral 



Fig 18 — Sketches showing the varieties of missing portions from the posterior 
part of the hard palate (From A Brown Kelly ) 


walls toward the mesial line When the entire phar3mx is elevated 
through the action of the suprah3'oid muscles the phar3mgeal raphe is 
relaxed Now contraction of the pter3'-gophar3’’ngeus muscles produces 
a condition as shown in figure 19 Without the assistance of the 
elevator muscles of the phar3'^nx, the forward pull of the phar3mgeal 
wall cannot take place, because the weight of the phar3mx would 
prevent the weaker muscles from drawing it forward As a matter of 
fact, when the superior constrictor muscle of the phar3mx is observed 
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in a noimal case it can be seen to contract by rolling foiward and 
ujDwaid in a wavelike fashion, pioducing a iidgelike bulging 

Until very recently, the walls of the pharynx have not been given 
sufficient consideration When one obseives velophar3aigeal closure 
through the pharyngoscope oi on persons who have sufteied the loss 
of the nose and septum nans, the nasophaiynx has a close resemblance 
to a funnel the apex of which is diiected downward As closure occurs, 
the walls of the phaiynx aie pulled fonvaid and inward by the superior 



Fig- 19 — In a, X shows Passavant’s cushion at rest m a case of 
In b, the increase in size of the cushion is shown when “ah” is pronounced ( 
from Passavant ) 

constrictor muscles The longitudinal bands foimed by the salpm^o^ 
pharyngeus muscles contract, thus increasing the bulk and thickness o 
the wall and narrowing the lumen The anterioi segment is 
upward and backward by the levator palati muscles In persons 
exceptionally well developed velopharyngeal closure the salpmgop 
geus muscle stands out like a band of muscular tissue which exte 
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fiom the mesial asj^ect of the eustachian cartilage, outward on the 
lateial wall of the phai)nx, wheie it blends with the palatophar 3 mgeus 
muscle This muscle has two functions, eithei of which ma} be per- 
toimed independent!} That is, it ma} close the eustachian tube in 
the one case oi ma} assist in the eleiation of the pharynx in the other 
Persons Avith palates which aie noimal m length can close the naso- 
pharMix ANith but slight bulging of Passavant’s cushion (fig 20) In 
pel sons whose palates are shoitei than noinial, velopharyngeal closure 
can be pioduced onh b\ moie actne contiaction of that portion of 
the phai} ngeal uall which constitutes Passai ant’s cushion It is remark- 
able how much de\elopment ma} occui m the pterygophaiyngeus muscle 
following successful cleft palate opeiation or m cases in which the 
reluin is stift and insufficient Likewise, the supeiior constiictoi muscle 
of the pharynx can be foiced to undergo inaiked development b} 
continuous use 



Fig 20 — Sketch sliowmg how normal velopharyngeal closure occurs Note 
the forward movement of the posterior pharyngeal wall manifest by bulging of 
Passavant’s cushion The vertical portion of the \elum is shown to assist in 
the sphincteric closure 

Velopharyngeal closuie is complete in noimal persons during the 
acts of swallowing, gargling and whistling or in the pronunciation of 
certain letter sounds which are free from nasal intonations A simple 
test to determine whether the velopharyngeal closure is complete 
may be made by holding a cold inirroi in front of the anterior nares 
while the patient forms the letter sound “ah”, if closure is complete 
the mirror will be unclouded 

The palate has a copious blood supply derived from the nasopalatine 
vessels, the posterior and accessor} palatine vessels and branches from 
the pharyngeal anastomosis The nasopalatine arteries emerge from 
the anterior palatine foramen and anastomose with the posterior palatine 



208 


ARCHIVES OF SURGERY 


artel les The descending palatine arteiies leave the greater palatine 
foramina and puisne a toituous couise within the palatine mucoperi- 
osteum, supplying the hard palate, the alveolar processes and the gum 
tissues The blanches which supply the hard palate anastomose freel) 
with each othei , but not with those of the opposite side The accessory 
palatine arteries leave the accessoiy palatine foiamma and pass back- 
ward to anastomose with the terminal bi anches of the pharyngeal anasto- 
mosis They supply the Aelum The phaiyngeal anastomosis is foimed 
by the terminal blanches of the lingual, facial and ascending pharyn- 
geal arteries 

The bony palate is said to have an independent blood supply, and 
IS thus protected fiom necrosis following cleft palate opeiations Fol- 
lowing ligations of one or both external carotid aiteries, collateral 
circulation is quickly established sufficient to nouiish the tissues 

Division of one oi both posterior palatine arteries is fiequently 
done in palatal operation Collateral circulation immediately takes 
care of the blood supply It is possible to divide the anterior and 
posterior palatine arteries in doing the “push-back operation” with 
perfect safety to the life of the flap, providing that an interval of one 
week IS allowed to elapse before the second stage of the operation is 
done There aie fewer mucous glands in the palate of children than 
in adults This explains the delicacy^ of the palatine mucoperiosteuin 
111 children and its inability to withstand suigical insult 

The neri'e supply of the palatoglossus, palatophaiyngeus, salpingo- 
pharyngeus, azygos uvulae and the superior constrictor phaiyngeus 
muscles is derived from the pharyngeal plexus This plexus is formed 
by branches from the glossopharyngeal, spinal accessory and pneumo- 
gastric nerves The tensor palati muscle is supplied by the mandibular 
branch of the trigeminus The levatoi palati is supplied by the bulbar 
root of the spinal accessory nerve, which contains the infenoi rootlets 
of the pneumogastnc nerve 

DIAGNOSIS AND SYMPTOMS 

The diagnosis of congenital shortening of the palate can be accurately 
determined only after the child malces efforts to speak On examining 
children before the age of speech, one may observe that the velum is 
unable to approximate the pharyngeal wall to secure the desired veo 
pharyngeal closure The final diagnosis cannot be definitely establis ie 
until a considerable period of time after the child develops articuac 
speech Children with congenital shortening of the palate usually leari 
to speak at a later period than normal children Ihese children spea 

63 Berr\ James and Legg, T Percy Harelip and Cleft Palate, Philadelp 
P Blakiston’s Son & Company, 1912, p 34 

64 Rich \ R Bull Johns Hopkins Hosp 31 307, 1920 
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vei}" indistinctl} , owing to the inability of the velum to appioximate 
the phai\ngeal wall to pioduce the desiied veIophai)aigeal closure It 
is tiue that as these childien develop and make peisistent efforts to 
speak, then si^eech becomes moie and more distinct, depending on 
then ahilit} to de\elop a mechanism to compensate for this velopharyn- 
geal msufficienc} The} develop the compiessoi nans muscles and 
a hypeitiophy of the muscles which pioduce the velophaiyngeal closure 
and they fiequently de^elop a hypeitiophy of the faucial and pharyn- 
geal tonsils 

The diagnosis is made fiom the following symptoms 

1 Rhinolalia aperta or open nasali7inff This begins at the period when the 
subject began to talk The vowels take a nasal tone, i e , the letter “a" becomes 
“an,” etc The consonants become verj'^ much altered, with the exception of the 
letters “m” and “n” which retain their characteristic sounds Sigmatismus or 
the inabilitj to produce the letter sound “s” becomes very pronounced m these 
cases 

2 These patients suffer from shortness of breath in speaking due to the loss 
of air through the nose 

3 They are unable to whistle 

4 Hissing becomes impossible 

5 Patients are unable to blow out a candle flame from a distance, unless they 
have developed a method of compressing the nares 

6 Breathing by mouth becomes a habit, giving these patients a characteristic 
vacant expression 

7 Movements of the facial muscles, more especially the compressor nans and 
the corrugator supercihar}' muscles, become pronounced These patients are 
referred to as “face talkers ” 

8 Hearing may be diminished, owing to improper ventilation of the middle 
ear Nasal catarrh is frequently present 

9 Deglutition may become disturbed in children When these patients become 
older, they may have difficultv in swallowing 

10 These patients talk very rapidly, and avoid difficult words 

11 Intra-oral examination reveals a distinct velopharyngeal insufficiency The 
patient is unable to shut off the nasopharynx from the oropharynx because of 
the anteroposterior shortening of the palate Here the shortening may be the 
result of a shortened hard palate or a shortened velum, or both The superior 
constrictor muscle of the pharynx may be weak 

12 Intranasal examination by the pharyngoscope reveals an insufficient velum, 
which IS unable to shut off the nasopharynx 

13 The uvula is bifid in some cases 

14 Palpation may reveal a submucous cleft of the hard palate, this may 
vary from a mere notch to a considerable V-shaped deficiency in the median 
portion of the bony palate (fig 18) The palatine mucosa is found intact The 
submucous cleft may involve the velum alone, the hard palate being intact 

15 Irregularity and crowding of the teeth, or congenital absence of the second 
maxillary incisor tooth, or the association of cleft hp, or the evidence of an 
intra-uterine healed cleft of the velum ma 3 be present 



210 


ARCHIVES OF SURGERY 


The palate vanes in length with the age, sex, lace, build and geneial 
chaiacteiistics of the individual Not infiequently, a histoiy of defects 
in speech oi even a case oi two of congenital anomalies in the forebears 
IS disclosed on taking a careful family histoiy If the palate assisted 
by the supeiioi constiictoi muscle of the phaiynx is unable to shut 
otf the nasophaiynx, it must be consideied a shoit palate While 
complete velophai} ngeal closure is essential foi normal function, this 
mechanism is not always heimetically sealed dm mg speech, since a 
ceitam amount of an escapes thiough the nostiil as certain lettei sounds 
aie pioduced It is interesting to mention heie that Schmidt®® detei- 
mined by expeiiments that speech could lemain noimal while there 
was a lubber tube with a lumen of 6 mm between the velum and the 
phaiyngeal wall, but when a tube of a laigei lumen was inserted speech 
became nasal This shows that the supeiioi constiictoi muscle of the 
phaiynx is capable of ovei coming a ceitam amount of insufficiency 
which if inci eased beyond 6 mm cannot be oveicome by this muscle 
The shoitness of the palate detei mines the degiee of insufficiency The 
most reliable test is to hold a piece of cotton in fiont of the anterioi 
naies while the patient makes eftoits to pionounce non-nasal lettei 
sounds The escaping an makes the cotton move when this mechanism 
is insufficient In diagnosing congenital insufficiency of the palate, the 
condition should not be confused with palsy of the velum, stomatolalia 
and speech defects, the lesult of loss of the teeth oi in faulty lingual 
aiticulation observed in some cases aftei successful cleft palate opeia- 
tion In all of these cases, the velophaiymgeal closuie is normal 

Pals}'^ of the palate is easily lecognized by the absence of the palatal 
leflex, the inability of the velum to move and its lack of i espouse to 
faradic stimulation 

Stomatolalia oi so-called “rhinolalia clausa" is a condition of speech 
in which the letter sounds lack their necessary nasal resonance, a qualit} 
of the speaking voice which detei mines the supieme elegance of a 
spoken language 

Defects of speech, the lesult of the loss of teeth and faulty habits 
111 the use of the tongue, aie easily lecognized Loss of the teeth can 
easily be lestoied by dentures Faulty habit in using the tongue can 
collected with methodic speech tiaining 

TREATMEN f 

In reviewing the hteiatuie, one is constantly impiessed by the 
that the earlyT^ pioneeis in the field of palatal suigery lecognize t 
perfect speech could be obtained only when the velum was 
contact with the posteiior wall of the phaiynx Many' ingenious me 


65 Quoted by Gutzmann ("footnote 20) 
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■\\eie dcMsed to accomplish this One gioup excited then eftoits to 
lengthening the palate, anothei gioigD sought to bung the wall of the 
phaiynx fonvaid, while a thud gioup advised the use of artificial vela 
Even today, many suigeons, aftei failing to obtain a good functional 
lesult vhcn the lepaii was suigicall)'^ l^eifect, advise dnadmg the sutuied 
velum so as to peimit the inseition of an aitificial velum The artificial 
vela of Sueisen, oi Kingslc}’-, oi any modifications of these A^ela aie 
geneiall}^ emplo 3 'ed These vela die constiucted fiom soft or haid 
vulcanite^ the lattei being the most seiviceable Whenevei appliances 
aie instituted foi ti eating msufficienc}'- of the palate, the patient should 
be infoimed of the necessity of lenewing them from time to time 
Thiough continuous use and due to the fact that the palatal muscles and 
the supeiioi constiictoi muscle of the phaiynx hypeitiophy, such con- 
tiivances lose then lelationship with the suuounding structures and 
new appliances become necessai}'^ m oidei to obtain proper velo- 
phai^ngeal closuie Obturatoi-\ela may be indicated occasionally in 
adults, but aie larely neccssaiy in childien unless the condition warrants 
no other method of tieatment 

Passavant’s ® obseivations on speech after successful closure of the 
cleft palate led him to ascribe nasal intonation m these cases to the 
inability of the velum to appioach the pharyngeal wall In 1862, he 
suggested paitial union of the velum with the phaiyngeal wall to obtain 
the propel closuie He advised the introduction of sutures on eithei 
side of the fieshened palatopharyngeus muscles and to a coiiesponding 
area on the i^osteiioi wall of the phaiynx Passavant also mentioned 
that union of the palatopharyngeus muscles foi a certain extent in the 
midlme may be combined with staphylon haphy However, in 1865, he 
outlined three difiteient operations to secuie the necessary appioxi- 
mation 

The first of these opeiations consisted in uniting the palato- 
pharyngeus muscles foi a certain distance in the inidhne so as to raise 
the posterioi poition of the velum and so displace it backward to 
approximate the phaiyngeal wall The uppei poitions of the mesial 
border of the posteiior pillais weie fieshened and united b}'^ suture after 
the lateral incisions were made into the velum (fig 21) This union 
was obtained in three cases for the distance of 1 25, 2 and 2 5 cm . 
respectively Speech was only slightl)'- nnprored m these cases, nasal 
intonation persisting 

The second operation rvhich he called staphylophar 3 mgorrhaphy con- 
sisted of producing velophar 3 mgeaI adhesion Passavant made a tians- 
verse incision across the velum , through this incision, he introduced a 
spatula bent on the flat This enabled him to e\ert the lelum permitting 
Its free border to be directed forward The velum vas freshened on its 
free bordei for a distance of eight lines m length and fiie lines m depth 
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a coriesponding area on the pharyngeal wall was then freshened at the 
point where velopharyngeal closure was desired The free border of 
the velum was then approximated to the posterior wall of the pharynx 
and sutuied (fig 22) This proceduie, as pointed out by Passavant, 
gave bettei results than his foimer method 

Staphylopharyngoirhaphy as suggested by Passavant must be con- 
demned Thiough its use stomatolalia is established, normal ventilation 
of the eustachian tubes is mteifeied with, and the accumulation of 
mucous secietions in the nasopharynx is favoied 

The thud operation consisted of making lateral incisions 1 inch 
long on eithei side, mesial to the hamulai process, and running ante- 
riorly parallel with the alveolar maigin The anterioi extremities of 



Fig 21 — Artist’s conception of Passavant’s operation for suture of the palato- 
pharyngeus muscles A indicates the lateral incision, B, freshened border of & 
posterior pillar , C, area to close by granulations , D, line of sutures , E, dorsum 
linguae 


these two incisions were joined with a third incision running trans 
versely across the palatine raucoperiosteum The quadrilateral ap 
inscribed by these three incisions with its base directed posteriorljb w 
continuity with the velum, was freed from the underlying bone (fig 
The entire velum was displaced backward, and held by suture to 
postenor pharyngeal wall At a subsequent operation, the defect m 
hard palate was closed by some autoplastic method Passavant repor e 
satisfactory results from this procedure 

Nevertheless, in 1878, he condemned all his previous 
and devised one for the correction of velopharyngeal insufficiency 
now proposed a procedure to obtain a bulging of the posterior p 
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ryngeal wall This was accomplished by inscribing a quadrilateral flap 
on the posterior wall of the pharynx mesial to and above the level of the 
eustachian tubes, with the base in connection with the mucous mem- 
brane, covering the superior constiictor muscle of the pharynx This 
flap was separated from the undeil 3 ung tissue and folded over on the 
raw surface, being held in position by sutures (fig 24) A shelfhke 
projection was thus made on the posterior wall of the pharynx The 
sides of this ridge were then united by suture to a corresponding area 
on the lateral walls of the pharynx The tissue coveiing the sphenoid 
bone which was used to fashion this projection was found to be inade- 
quate for this purpose, as the shelf in time gradually disappeared 

Finally, Passavant made use of an obturator modeled after the shape 
of a shirt stud (fig 25) , this he inserted into a button-hole incision 



Fig 22 — ^Artist’s conception of Passavant’s operation to produce staphylo- 
pharyngorrhaphy A indicates the velum and posterior pharyngeal wall sutured 
together , B, the dotted line to show position of velum , C, the heavy line to show 
free border of velum which has been freshened, D, the tongue 

running transversely across the middle of the velum through its full 
thickness The purpose of this plan was to secure backward displace- 
ment of the soft palate and thereby to establish the desired closure 

In 1864, Simon suggested that the nasal speech which persists 
after successful cleft palate operations might be corrected by inseiting 
gum balloons into the nostrils or b}'- appljung a pince-nez device on 
the alae nares so as to shut off the escaping air These methods proved 
to be inadequate, as the formation of the letter sounds lacked the proper 
nasal resonance 

In 1867, Simon suggested the use of Dieffenbach’s osteal urano- 
plasty to obviate velopharyngeal insufficiency His operation consisted of 



214 


ARCHIVES OF SURGERY 


freshening the edges of the cleft in the haul and soft palate, along with 
scaiifying the edges of the bone Lateial incisions weie made on either 
side into the haul palate down to the bone at a distance vaiying fiom 
one and one-half to two lines from the alveolai maigin The nuico- 
peiiosteum smiounding these lateial incisions was then elevated from 
the underlying bone The bony palate was sawed thiough at the site 
of the lateial incisions (fig 26), beginning behind at a point about 
one-half line mesial to the hamulai piocess, thus dividing the palatal 
piocesses fiom then alveolai connection The dnision thiough the 
bone was extended antenoily as fai foiwaid as the teimmation of the 
lateral incisions A lever was then intioduced into these lateial incisions 
in the bone and the anteiioi attachment of the palatal piocesses were 
fractuied to produce then mesial displacement This supplied two 



Fig 23 — Artist’s conception of Passavant’s operation for backward displace 
ment of the velum A indicates the transverse incision, B, lateral incision, ^ 
dorsum linguae , D, denuded bone , E, nasal cavity , F, displaced velum , G, dorsum 
linguae 

freely moving osteomucous flaps which were attached anteriorly to the 
palatine mucoperiosteum situated behind the incisoi teeth, and poste 
rioily with the soft tissue in continuity with the velum These 
were then approximated toward the median line and united with suture 
applied thiough the mucopeiiosteum 

Osteal uianoplasty was fiist suggested m 1826, by Dieffeiibac i,^^ 
and latei by Wutzei and Buhring in 1850 In 1873, Fergusson 

66 Dieffenbach Litt Ann d ges Heilk 4 145, 1826, Die operatne 
rurgie, Leipzig, F A Bockhaus, 1845, vol 1, p 856 

67 Wutzer, C W Deutsche Khn 2 26, 1850 „ 

68 Buhrmg, Julius J d Chir u Augenh 9 325, 1850, Deutsche 
1850 

69 Fergusson, Sir William Lancet 2 784, 1873 , 1 298 and 883, 
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modified this method The opeiation, although foimidable, was per- 
foimed fiom time to time difteient cleft palate suigeons on the 
Euiopean continent and in Ameiica, among whom Meais and Roe of 
Philadelphia aie woithy of mention Blown of Milwaukee and Dans 
of Philadelphia haie lecentl} poi^ulaiized osteal uranoplast}'-, using it as 
then method of choice in suitable cases of cleft palate 

Paul,'® in 1866, advised bioadenmg the stifitened and nan owed 
velum lesulting fiom staph 3 dorihapy by making repeated lateial 
incisions in the velum These heal bj'^ gianulations This method is 
based on the same pimciple of healing b) granulations bi ought out b} 



Fig 24 — Artists conception of Passavant’s operation for making a shelfhke 
projection on the posterior pharjmgeal wall A indicates the eustachian tube 
B, denuded area, C, projection, D, Aclum 


S 

Fig 25 — Passavant’s stud-shaped obturator (After Kuster ) 

klettauer of Ahrginia foi perfoiming staphi Ion hapb}'^ (figs 27 and 
28) The lationale of this method was that the gianulations resultant 
fiom the healing of these wounds added bulk to the velum, producing an 
increase m the tissue and thus assisting velophaiyngeal closure 

Mason,'- in 1869, advised for correction of nasal speech after cleft 
palate operations otherwise successful the making of lateral incisions 

70 Paul, Hermann Julius Arch f klin Chir 7 199, 1866 

71 Mettauer, John B Am J M Sc 2i 331, 1837 

72 Mason, Francis Lancet 2 198, 1869, 2 578, 1874, St Thomas Hosp Rep 
2 271, 1871, On Cleft Palate and Harelip, London J & -K Churchill, 1877 p 114, 
The Retrospect of Practical kledicine and Surger^, 1870, p 123 
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Fig 26 — Steps in osteal uranoplasty (After Davis) A is a semidiagram 
matic sketch showing unilateral cleft palate and the outline of incisions (s ig 
extension of the Langenbeck incision) used in loosening the mucoperiostea 
on the side attached to the vomer and loosening the flap containing t e ru^^ 
mentary horizontal process of the maxilla and of palate bone on the opposite s^^^^ 
The latter incision is carried through the periosteum after which the ^ 

processes are cut through with a very thin chisel F is a semidiagrammatic s 
showing a mucoperiosteal flap loosened on the patient’s right side and a ap 
taming bone on the patient’s left side In the two-stage operation, tape ^ 
passed around both flaps and tied so as to hold the medial margins o 


in apposition, or nearly so, care being taken not to exert sufficient 
the tapes to shut off circulation Iodoform gauze packs are used m ^ 

incisions for twenty-four hours C is a semidiagrammatic sketc s 

tapes tied so as to hold the medial margins of the flaps in apposition 
gauze packs are used in the lateral incisions for twenty-four 
IS removed on the third or fourth day, the remaining tape on the gj.jr,ns of 
day On the seventh day, the mucous membrane is removed from tie m 
the clefts and sutures applied 




DORRANCE— INSUFFICIENCY OF PALATE 


217 


into the full thickness of the A^elum internal to the hainulai piocess, to 
lun posteiioily through the fiee boidei of the velum The lesult of 
such a pioceduie alteied the stiffened velum into a large floating uvula 
which was unable to appioximate the phaiyngeal wall Mason gives the 
following description of his opeiation 

A small cur^ed spatula is first placed behind the soft palate, it keeps the part 
steady and also serves as a point d’appui A sharp pointed knife is then intro- 
duced fiom before backward (A fig 29) in about the position of the inner edge 



Fig 27 — Mettauer’s incisions to produce healing bv granulations in clefts of 
the velum (From Mason ) 



Fig 28 — Diagrammatic sketch to show the \elum after the application of 
sutures The shaded areas to close b}' granulation tissue (Modified from 
Mason ) 

of the hamular process m the normal palate (Z?), and the soft palate is cut com- 
pletely through from above downwards from A to B The same is done on the 
opposite side, and the operation is then concluded In the first few cases on 
which I operated, I hemmed the mucous membrane back and front as indicated 
111 the diagram E, but I have long since abandoned this practice, as unnecessarj 
for when the parts unite, thej^ do so at the V-shaped angle where these are in 
immediate contact (dotted line F) The operation is quite simple and may be 
repeated as often as necessarj , is perfectlj free from danger, and almost pain- 
less The rationale of the proceeding is easih-^ explained The palate becomes 
coiuerted into a huge uvula so to speak It is shortened and puckered up the 
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point B being drawn to C so that if it does not actually touch the back of the 
pharynx, it approaches so nearly as to divert the current of air to a considerable 
extent from the nose into the mouth and thus greatly obviates the disagreeable 
guttural voice that is more or less observable in all patients who are subjects of 
this distressing deformity 

It IS evident fiom Mdson’s desciiption that his operation gate 
freedom to the palate because of the complete relaxation obtained by the 
division of the tensor palati muscles The incisions used by him 
undoubtedly divided the opponents to the levatoi palati muscles and 
thereby enabled the velum to be moie easily laised 

Whitehead of New Yoik, in 1871, attempted to lengthen the velum 
by adding to it two lateial flaps dissected fiom the posterior pillars of 



Fig 29 — Mason’s operation for the improvement of speech after cleft palate 
operations (From Mason ) ) 

I 

fauces and the lateral walls of the phaiynx (fig 30) He desciibed his 
procedure in the following words 

About the first week of February, assisted by Dr Henry Schiff of this city 
I endeavored by a difficult and laborious dissection of the palatopharyiioC^ 
muscles, to form flaps with which to lengthen the velum palati Having 
with a pair of forceps, the palatopharyngeus on the right side very lou ^ 

I divided this muscle and a part of the mucous membrane of the prever 
region, and dissected upward with a pair of curved scissors a flap 
sufficient to form, with a corresponding one on the opposite side, a ono 
dependent curtain to the new velum 

Makuen, of Philadelphia, has been mentioned by Brophy v 
31 and 32) and others as having developed the method by vhici 

73 Whitehead, William R Am J M Sc 62 114, 1871 

74 Brophy, Truman W Oral Surgery A Treatise on Disease, 
Malformations of the Mouth and Associated Parts, Philadelphia, P ^ p 
Son & Company, 1915, p 709 , Cleft Lip and Oeft Palate, Phi a e p 
Blakiston’s Son & Company, 1923, p 252 
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flaps aie laised fiom the palatophar} ngeus arch and sutured to the fiee 
freshened border of the ^elum The works of Makuen do not present 
this operation The onl}^ remark he made on this subject was m 1901 
when he mentioned sepaiatmg the adhesions between the pillars of the 
fauces and remnants of the tonsils on either side to overcome velo- 
phaijngeal msufficienc}" This use of the postenor pillars of the fauces 
pro^ed to be of no value It is interesting to mention here that in 1912, 
Helbmg used the posterior pillars to increase the size of the i elum 
as IS shown in figure 33 Helbmg freshened the mesial border of the 
palatopharjmgeus arch extending this denudation over the intenening 
portion of the fiee border of the velum An incision was then made 
on eithei side dividing the postei lor pillars as shov n at A Side incisions 
were also made within the velum to release all tension The freshened 
edges of the palatophai 3 mgeus arch were united in the midline by 
suture 



Fig 30 — Artist’s conception of Whitehead’s operation, shoving the use of the 
palatophar} ngeus muscles in lengthening the ^eIum A indicates the unila, B, 
posterior pillars sutured in midline , C, area to close bj granulations , D, tongue 

Interference with the palatopharj ngeus muscles changes the flexi- 
bility of these 'muscles so that the} become more or less rigid, non- 
elastic bands of tissue which hold the a elum dovnvard and pretent it 
from being eletated be 3 ond a certain point The use of the posterior 
pillais in palatal operations is of no value in raising the telum and is 
a decided hindrance to its free mot ement during speech and deglutition 

As alread} pointed out in this papei in the section dealing ttith 
anatomy the uvula only slight!} assists in closing the nasopharjnx 
Velophar} ngeal closure is produced bt the combined action of the letator 
palati muscles and the supeiior constrictor muscle of the phartnx The 

75 Makuen, G Hudson Am ^Med 2 532 1901 

76 Helbmg Carl Berl klin 3\ cbnschr 49 980 1912 Allg med Centr Ztg 
81 21 1912 Die Technik der Uranoplastik, im Pa\r und Kuettner Ergebnisse 
der Chirurgie und Orthopedic Berlin, Tubus Springer 1913 tol 5 p SI 



Fig 31 — Manner of lengthening palate by utilizing portion of pharyngeal 
muscles The posterior view is shown with wires in place (From Brophy) 



Fig 32 — Alanner of lengthening the palate by utilizing the palatop 
muscles, after Makuen’s method a indicates the end of the uvula muse e, 
palatopharyngeal muscle, c, incision made through two-thirds the wi 
muscle The lead plates are showm wuth the silver wires twusted so as to 
mate the edges of the w'ound (From Brophy ) 
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foimation of a long imila merely adds a deoendent pendulum from the 
fiee box del of the velum and m some cases may be of moie annoyance 
to the patient than of help 

Schoenborn,"’’ impiessed b}' the expeiiments of Tiendelenbeig, m 
1S75 pel f 01 wed velopbai yngoplasty to obtain the desired function of 
the nasophaiynx during speech He outlined a rectangular flap from 
4 to 5 cm long b}'- 2 cm wide on the posteiior wall of the phaiynx 
This flap was then elevated with the underlying tissue, turned down- 
ward on its pedicle, and ti mimed triangularly to fit 'into the cleft 
of the velum (fig 34) The velum was freshened and united on either 
side with the edges of the phaiyngeal flap Schoenboin latei decided 
that the tissue above the supeiior constiictor muscle of the pharynx was 
not suitable for his purpose and in 1886 he took the flap with the pedicle 
directed upward from the tissue of the superior constrictor muscle This 
method was lecently levned by Rosenthal'® who m 1924 pei formed 
1 elopharyngoplasti 




Fig 33 — Use of the palatopharyngeal arch for lengthening the velum (After 
Helbing ) A indicates the lateral me sions , B, “rest ' of uvula , C, anterior pillar , 
D, posterior pillars and uvula freshened, £, transverse incision into palato- 
pharjngeus muscle, F, areas to fill with granulations, G anterior pillars, H, 
newlj’^ formed velum , /, neivly formed uvula 

111 1876, Rutenbeig pioposed that the phartngeal wall hi brought 
forwaid so as to enable it to be reached b}'^ the velum, thus producing 
1 elophar} ngeal closuie In order to secure this, he suggested scan!} mg 
a semicircular area measuring from 0 5 to 1 cm in width on the mucosa 
coiering the pharyngeal wall, and extending fiom one hamulai process 
to the other Rutenberg later added that this method n as inadequate in 
many cases, and suggested that in addition to the scarification as pre- 
Moush outlined, the denuded aiea might be sutured in a longitudinal 
diiection after the method used m colporrhaph} (fig 35) Scarification 
ma}" be done eithei with a knife, the gahanic cautery or chemicals 


77 Schoenborn A^erliandl d deutsch Gesellsch f Chir 4 235 1876 

78 Rosenthal Zentralbl f Cbir 51 1621 1924 

79 Rutenberir D C icn med cbiisdir 26 815 839 and 862 lft76 
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Whenever the tissues forming the pharyngeal wall are utilized to 
coirect palatal insufficiency, scar tissue is always foimed, and this will 
interfere with the foiwaid pull of the superior constiictoi muscle of 
the phaiynx It has been definitely shown that by systematic speech 
training the uppeimost poition of the pteiygopharyngeus muscle can 
be developed into a much more piominent iidge than can be obtained 
by any opeiative pioceduie 

Forbes, of Philadelphia, in 1879, while closing clefts of the uvula, 
attempted to lengthen the A^elum by using a cuived incision similar to 
that used by Nelaton foi partial cleft lip operations (fig 36) 



Fig 34 — Artist’s conception of Schoenborn’s velopharvngoplasty A m 
the pharyngeal flap trimmed triangularly, B, denuded area on phar 3 ngeal va , 
dorsum linguae 

Kuster per foimed an operation in 1882 in which he eniplo}^^^ 
lateral incisions similar to those used by Mirault for cleft hp ^ 

(fig 37) This piocedure, as can be seen fiom the illustrations, 
a long trilobate uvula He stated that if this did not produce the esi 
function sought, the shirt stud-shaped obturator of Passavaiit niig’ 
empl 03 ed with complete satisfaction 


80 Forbes, W S Tr Coll Phys Philadelphia 1 70, 1875 

81 Kuster E Berl klin Wchnschr 19 172, 1882 
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Frankel/' in 1882, first suggested ad\ancing the attachment of the 
superior constrictor muscle of the pharx nx by altering the position of its 
insertion He did not outline an} method to secure this, although he did 
refer to using the same principle emplo} ed m treating strabismus 

Wolff of Berlin, m 1885 adrised the use of Schhtsk}’-’s soft rubber 
phar 3 ngeal obturator (fig 38) after successful cleft palate operations 



Fig 35 — ^Artist’s conception of Rutenbergs operation to bring the phar\ngeal 
wall forward A indicates the suture through the extremities of incision to pro- 
duce lertical approximation, B, A, after knotting of suture C, incision sutured 
lerticalh , D shows how sides of the cleft approximate after \ertical suture of 
incision as showm in C 



Fig 36 — Forbes’ operation A diagram of the bifid u\ula is shown m A The 
incision IS represented b^ the line \ b The bifid u-nila alter operation is shown 
m B CD indicates the o\al wound lett to heal b\ granulation, e f, the incisions 
lor dnision of the palatine muscles (From Forbes ) 

in all cases m which the lelum was too short to reach the wall of the 
phar} nx He discarded this obturator, how e\ er, in 1894 for Hahn s 
hollow hard rubber phaiwiigeal obturator which except lor material 
was constructed Aer} much as was Schlitskx s obturator 
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Billroth, in 1889, was the liist to advise dividing the hamular 
process in cleft palate opeiations foi the purpose of releasing tension 
on the line of sutine He stated that this permitted the velum to hang 
freely dining its attempts at closuie of the nasophaiynx 

In 1893, Hears, ° of Philadelphia, divided the tensoi palati, palato- 
pharyngeus and palatoglossus muscles in a case m which the velum was 
too short to approach the phaiyngeal wall Hears reported that there 
was marked improvement in the speech of his patient, a young lady 
who suffered fiom congenital velophai yngeal insufficiency 

In 1895. Smith.®- of Nashua, New Hampshne devised an opeiation 
by which uranostaphyloplasty was accomplished with backward dis- 





placement of the velum, permitting it to leach the phaiyngeal 
Smith described his operation in the following words 

From the anterior end of the cleft an incision is made running 
a little backwards towards the alveolus, about one-third the distance to tie 
vhen the direction of the incision is changed so that it is carried m a 
line nearly to the posterior extremity of the alveolar process (fig 39 ) 

point at which this incision ends varies with the case, care being a 
sufficient tissue is left for the blood supply of the flap A correspon 
having been made upon the opposite side, the two flaps thus outlined are 

82 Smith, Herbert L Boston M & S J 132 478, 1895, Tr New Hamp 
shire M Soc 1905, p 227 , Am J Sucg 20 65, 1906 
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up from the bone, the periosteum being included, and are freed completel} from 
the posterior edge of the palate bones This last act is \erj important as onlj thus 
can the velum be carried backward and so lengthened An incision is now made 
on either side beginning at the point near the last molar vhere the preceding 
incision terminated and running along in a cur\fe close to the roots of the teeth 
as far forward as is necessary or as is deemecf safe, sufficient space being left in 
front for the nourishment of the flaps This cut usuallj terminates near the 
lateral incisors (fig 39 B) There are thus formed two triangular flaps composed 
of mucous membrane and periosteum which are carried into the median line and 




sutured together The freshened edges of the lelum are now sutured and the 
posterior edges of the anterior flaps are sewn to the middle of the ncwh formed 
velum (fig 39 C) If deemed best, tension can still further be guarded against 
b\ extra sutures placed in the lelum at the same distance from the edge In 
case there seems danger that the palate ma^ be carried too far forward during 
the process of repair through contraction of the flaps, it has ceemed to the writer 
quite feasible to pass a suture through the periosteum at the posterior edge of 
the palate bones, and thus anchor the ^elum at the desired point 

Gut/mann ot Berlin, in 1899 adMsed massage of the \elum with 
an apparatus which conformed with the contour ot the palate (fig 40j 
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The loop ot this instiument was coveied with gutta-peicha Giitzmann 
also advised that systematic speech tiainmg should be instituted as an 
adjunct to any foim of tieatment foi cleft palate 

Geisuny, in 1900, suggested the possibility of advancing the 
posterioi wall of the phaijnx to secuie velophai yngeal closure b\ 
injecting soft paiaffin into the retiophai) ngeal space (fig 41) This 
method was modified in 1902 by Eckstein, who substituted haid 
paiafhn The ill eflects arising fiom the use of paiaffin in the letro- 
phan ngeal space weie latei pointed out by Lcxei, Wainekios, Rose 
and von Gaza 

Philip,^® in 1904, lepoited far oi able lesults b} the use of the faiachc 
cm lent on the postenoi pillais ITe adrised tliat the electiicity be used 
m conjunction with speech exeicises and suggested this tieatment in all 
cases of congenital insufficiency of tlie palate 



Fig 40 — Gutzmann’s hand obturator (After Nadoleczny ) A indicates the 
velum against the posterior wall of the phaiyiiv, B, the hand obturator in position 


In 1907, Botey suggested nan owing of the velophai yngeal space 
by reducing the length of the cuive insciibed by the phaiyngeal va 
at the level wheie contact of the velum with the wall of the phaijn 
IS desired To accomplish this, he outlined with silvei nitiate on tie 
median pait of the phaiyngeal wall, an ellipse i mining with its 
in the vertical plane (fig 42 This ellipse meastiied fioni 

40 mm m its longitudinal diametei and from 15 to 16 nini m hs 
veise diametei The elliptical aiea was then excised and the edt,es 

the wound united by sutuie (fig 42 P) i 1 in 

In 1911, Blau,®® of St Louis, developed an autoplastic 
which he made use of the side incisions emplo3'’ed hr Kustei to 
come fuither shoitening of the velum in cases in which the sott P‘ 


83 Eckstein Berl klm Wchnschr 39 315, 1902 
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was too fai forward from the pharyngeal wall Blau descnbed his 
operation in the following words 

Kuster proposed the plan by means of the incisions b-b (fig 43^) of length- 
ening the velum, but there is rarely sufficient palate tissue to permit this being 
done without leaving such wide gaps at the site of the lateral incision that sub- 
sequent scar contraction renders the velum too tense to move freely The figure 
43/f shows a modification which obviates the latter difficulty 



Fig 41 — Artist’s conception to show how the injection of paraffin by Gersuny 
and Eckstein may produce bulging of the posterior pharyngeal wall A indicates 
the paraffin in the retropharyngeal space, B, the velum 



Fig 42 — Narrowing of the pharjngcal canal (After Bote\ ) In A Botev 
shows the elliptical incision made use of in his operation, in B, suture of the 
'\ound in the posterior wall of the pharvnx b\ the continuous suture 

A (fig 43 4) shows incision at the lateral border of the hard palate through 
the inucoperiosteuni carried bev ond the maxillarj tubercle and straight out on 
the buccal mucosa for 1 5 cm, then backward to the level of the lower jaw and 
then inward, again cutting the pterv gomaxillarv ligament The mucosa ptcrvgo- 
maxillarv ligament and the buccinator muscle are cut through and the flap is 
dissected up until the space between the internal pterv gold and ten'or palati 
muscle IS opened The hamular process is cut through at its base 
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The cleft borders of the velum are not freshened in the usual way but the 
incisions b-b (fig 43A) are made on either side through the whole thickness of 
the soft palate and the flaps behind these incisions are rotated backwards In 
this way the incisions b-b are opened and the raw surfaces thus exposed are 
sutured to each other at the median line (see h, fig A3B) As the two halves 
of the velum are earned toward the median line, the flaps a-a are drawn inward 
and there will be no subsequent scar contraction to render the velum tense and 
comparatively useless The space between the upper and lower jaw is still cov 




ered and opening of the mouth is but slightly interfered with This 
gives a longer velum than is obtained by the simple Langenbeck pie 

therefore a better functional result is obtained It will not permanent y cr 
the action of the superior constrictor muscle of the pharjmx 

Pickenll,®^ in 1912, developed a procedure by which 
measures were combined with piosthesis to correct anteropos 
shortening of the palate when the shoitenmg was the lesult o 


84 Pickenll, H P New Zealand M J 11 125, 1912 
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conti action following a cleft palate opeiation The method consisted 
in alteiing the cleft velum into a muscular bridge running acioss the 
roof of the mouth This was accomplished by freshening the velum on 
one side of the cleft and applying a side incision into the velum running 
anteriorl)'- through its posterioi boidei as shown by A and b in the 
figure 44 A The othei side of the cleft was piepared by freshening its 
l^osteiioi boidei c and a similar lateral incision was made, as repre- 
sented by D These flaps were swung across the loof of the mouth 
and united with sutuie so as to obtain the muscular budge as shown 
in figure 44 B The sutures weie removed on the tenth dav Two 




Fig- 44 — Pickenll’s method of combining palatopIast\ with prothesis 4, dotted 
lines, the margins to be pared and the lateral incisions B flaps running across and 
sutured in position, C, diagram of appliance used to fill up the cleft, showing the 
hook by W'hich the hinged velum is attached to the muscular bar and also an 
artificial vomer attachment 

weeks latei the obutiatoi-ielum shown m figure 44 C was con- 
structed The velum of this appliance w'as made of hard vulcanite with 
a hook placed on its nasal aspect The velum was attached b} a 
platinum hinge to an obturatoi plate fashioned to coter the defect in 
the haid palate and attached to the teeth The obturator plate could be 
fitted w’lth an artificial septum in cases m which the septum nans was 
absent The principle of this appliance was such that the hook rented 
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on the muscular budge which laised the velum and depiessed it as 
the muscles weie brought into play The velum was also embraced 
by the supeiioi constiictoi muscle of the phaiynx dunng phonation 
and deglutition 

Naegeh,^'^ m discussing PickeiiH’s method m 1924, stated that three 
patients were tieated in Gaiie's clinic with marked success 

In my opinion, this opeiation is impiacticahle Fiom my evpeiience 
in treating patients with cleft palate, it is better to select either a purely 
surgical proceduie or else fit the patient with an obtuiator- velum Either 
one of these methods, when propeily'- applied, will produce good speech 
Pickeriil’s method destroys and deforms, by scai formation, a velum 
which would have been useful m treating the cleft by oidinary operative 
procedures The use of the obtuiator-\ela is difficult in children on 
account of their growth and dentition If, for any'’ leason a child leaies 



Fig 45 — Roberts’ operation for lengthening the velum A indicates the apron 
flap for lengthening short ^eIum or closing clefts, using mtranasal suture, > 
“apron” flap and mtranasal suture (From Roberts ) 


his appliance out of his mouth for several days, it may be impossible or 
him to reintroduce it as the teeth frequently undeigo such a mar e 
change m their position 

Roberts,’® of Philadelphia, m 1918 published the repoit of an 
tion by means of which he pioduced backward displacement o 
palatine mucopenosteum which remained in continuity^ with the 
to secure velophaiy ngeal closuie, m cases in which the palate 
to be lacking m material or was shortened or stiffened Roberts 
a cmved incision across the palatine vault m the region of the 
teeth (fig 45 A) and elevated the mucopenosteum from the un 
bone, freeing the velum from its attachment to the palate bones 
proceduie furnished a raucoperiosteal apron suspended from 


85 Naegeh, T Schwei? med Wchnsctir 5 62, 1924 
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li.inuil.u pi (lit; IS /)) 1 he \eluni w.is then flispl.iccd hackwaid 

like a slinit: .ind lield 1)\ a lf)i)]x’d suluic ])<isscd tliioui^li tlie united ])alatc, 
tin ends ()1 w hieli weu p.isscd (nit ihiouith the nostiils, ^\hcle the} 
wtie held aimind a iiihhu tnhi .it the colunielki (fiu^ 46 ) 

\i m .ind ]\uppt of I’.iiis in 1922 e.dled attention to the fact 
th it tlu classie- “Hai/can-Lanii;enheek' 1 iel.it piocedine foi pcifoiniing 
cleft ])alate opuations left .i (kinided .iie.i on the n.isal sin face of the 
pal.ite which on he. ding piodvieefl extensne* scai tissue, which on 
leti.ietion jnexeiited tin \cluiu fioni .ippi OMin.iting the postciior 
phai}nge.il w.ill 'Jlust suigeons insisted th.it sep.iiatc sutuiing of the 
n.is.il niuco]uiiostiuiu the nmseul.ii l.uei of tissue foiming the -velum 
h\ sil\ii wiie sutuie iiul the oi.il nuiseopei losteum pic\ented this 
undesii.ihle se'.ii e'onti.ietion In oidei to .iccoinphsh this the nasal 



Tig 46 — suture holding palate flap in position against bone, shown 
threaded and tied to rubber tulniig at narcs (rrom Roberts ) 

and oral muscoperiosteuiu must be thoioughh'^ sepaiated fiom the bony 
palate The} also adtised the use of the V-shaped incision mtioduced 
by Gan/er in oidei to obtain the letiotiansposition of the palate 

Rosenthal,'® in 1924, revived Schoenboin’s velopharyngoplasty, 
wdiich he combined wnth a modified Langenbeck uranoplasty, for all 
cases requiring closuie of the cleft wdnch involves the hard and soft 
palate This combined opeiation w'^as done at one sitting so as to correct 
the speech deficiency which so commonly follow’-ed oidinary cleft palate 
opeiation In performing Langenbeck’s uranoplasty, Rosenthal makes 
lateral incisions as close to the alveolar border as possible The incision 

86 Veau, Victor, and Ruppe, Charles Rev de chir 60 81, 1922, J de chir 
20 1, 1922, J de med et chir prat 95 685, 1924 

87 Ganzer, Hugo Berl khn Wchnschr 57 619, 1920 
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extends well behind the last molar tooth, wheie its diiection now follows 
the pteiygomandibular ligament, ovei which it extends to a point 1 cm 
fiom the last mandibulai molar tooth (figs 47 and 48) This method of 
extending the lateial incision was fiist used by Blau of St Louis in 
1911 

In Februaiy, 1925, Einst ciiticized Rosenthal’s method, and he sug- 
gested ciiculai nairowmg of the phai 3 mx so as to permit the velum to 
approximate the phaiyngeal wall Ernst’s article contained no illus- 
trations, and it was impossible to make an adequate mental picture of 
his opeiation Halle,®'* m May, 1925, gave fuithei details of this opera- 
tion, which IS now known as the Einst-Halle method The operation is 
a modified Langenbeck proceduie, in which the following steps are 
added Aftei fieshenmg the edges of the defect the nasal mucosa is 
separated fiom the oial mucosa, the lateial incisions are extended well 
behind the last maxillaiy molai tooth, then diiected backward and down- 
ward so that the incisions teimmate m the palatophaiyngeus arch, mesial 
to the last molai teeth (fig 49 A) An elevatoi is then introduced m 
such a mannei that it remains in intimate contact with the underlying 
bone, thus avoiding any injuiy to the palatal muscles It pioceeds behind 
the supeiioi constiictoi muscle of the phaiynx, as showm in figuie 49 B 
The space thus foimed by the separation behind the phaiyngeal wall is 
then packed with lodofoim gauze so as to bring about mesial displace- 
ment ot the lateral walls of the pharynx (fig 49 C) These gauze packs 
are changed from time to time until the cavity is well filled with 
gianulation tissue While waitins: foi the granulation tissue to form 
the anteiioi attachment of the palatine mucoperiosteiim is gradually 
separated behind the incisor teeth by small incisions As soon as 
sufficient collateral ciiculation is established, the anteiioi attachment of 
the palatine mucoperiosteiim is completely divided, as shown in figures 
49 B and C This peimits the entiie soft tissue of the palate to become 
displaced backward The anteiior poition of the displaced palate is 
then sutured at the incisor teeth so as to prevent too much backward 
displacement This procedure secures fiom 1 5 to 2 cm narrowing of 
the phaiynx, as reported by Halle in cases of incomplete cleft palate 
When dealing with cases of complete cleft palate, the V-shaped incision 
of Ganzer®' is used, as shown in figures 49 D, E and F It appeals to 
me that the Ernst-Halle operation cannot be used in children witlion 
accepting a high mortality The V-shaped incision of Ganzer®' won 
appear to be ideal, theoretically Practically, however, when one 
remembers that the palatine mucoperiosteiim is not flexible, one rea 

88 Ernst, Franz Zentralbl f Chir 52 464, 1925 , 

89 Halle Verhandl d Gesellsch deutsch Hals-, Nasen- u Ohrenh, a 
28, 29 and 30, 1925, Ztschr f Hals-. Nasen- u Ohrenh 12 277 1925 
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realizes that when it is sntiiied undei tension it is bound to teai apart 
and lesume its original position It has been my expeiience in plastic 
suigeiy that stiff tissue like that of the palatine mucopei losteum cannot 
be sti etched evenly By following Ganzei’s method in palatine opera- 
tions, unquestionably puckeimg of the mucopei losteum must lesult 
\^on G^za°° m 1926, advised the implantation of fat and fascia 
tissue into the letiophaiyngeal space m oidei to pioduce bulging of the 



Fig 49 — In A, the upper figure shows the edges of the defect sht open lO 
separate nasal from oral mucosa , the lower figure shows the sides of the e ec^ 
approximated with the oral and nasal mucosa sutured separately B shows 
defect sutured The dotted line indicates the incision used to separate the anteno 
attachment of palatine mucoperiosteum In C, retropharyngeal packing is seen 
the right side and the retaining sutures on the left side D shows the cleft pa 3 ^ 
extending as far anteriorly as the alveolar margin In E, the palate is c 
pletely closed in the midline The V-shaped incision of Ganzer is shown s lo ^ 
how Ganzer’s V-shaped incision is held anteriorly to the mucoperiosteum 
the incisor teeth (After Halle ) 


ach 


phaiyngeal wall He condemned the intra-oial method of 
because of fear of infection, and suggested entrance through tie n 
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I)\ ^\a\ of the suptiioi I.itcinl lnane;lc He obtained the fat and fascia 
lioni the abdomen oi i,diite,d le^ion e\eept in ehildicn foi uhom he 
adM^ed the n^'e of the f.i^'eia i.it.i J he opeiation consists of making; a 
euned incision fiom ^ to s tm m length dniding' the skin, superficial 
lascia and ])lat\sma muscle the ineision being made one fingerhieadth 
Horn the mastoid piocess just below the lobe ol the eai and m fiont of 
the anteiioi hoidei of the stei noeleidomastoid muscle (fig 50) The 
ineision extends as fai down ,is the angle of the mandible The tissue 
behind the pigulai \em is umo\ed I)\ blunt dissection Entrance into 
the ietioj)h.uMig<..d sjiaee (figs 51 52 and 53) is made b\ proceeding 
inw.iid foiwaid and upwaid using as a guide the tendons of the longus 
eapitis and longus eolh museles which he anteiior to the eertebral 
column at the IcmI of the thud eenical eeitehra The phar\ngeal wall 
IS pushed foiwaid b\ the fingei and separated from the pie\ertebral 
tissues on both sides 'I he ea\it\ foimed b\ this separation is -then 



Fig 50 — Incision exposing the ccr\ical glands with the -vascular and ner\e 
bundles drawn aside Ihe longus colli muscle is exposed (After a on Gaza ) 

temporaril) packed with gauze to contiol bleeding Later, the gauze is 
replaced by the tiansplant Von Gaza mentioned the fact that Perthes 
suggested the use of cartilage transplants into the reti opharj ngeal space 
for the correction of t elophart ngeal msufficienct The operation in 
the hands of ton Gaza appeals to be a simple, bloodless procedure In 
m) opinion, how^evet, it calls foi a great deal of skill and is not without 
dangei When the operation is performed on children, it has one point 
in its favor in that it wall free the superior constrictor muscle of the 
pharynx, thus permitting it to come forw^aid Net^ertheless wdien a 
graft IS introduced into the retiopharyngeal space in a child the 
implanted tissue will not giow m size in fact, it will tend to shrink, 
whereas the phar}mgeal canal wnll increase m size I feel that the 
method is not justified in the average case, as Passavant’s cushion can 
be increased m size by such simple procedures as massage, electricity 
and speech training 
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Kirkham,®^ in 1927, pointed out that in cases of cleft palate the 
distance bet\’,een the hamular processes is greater than m normal 
mouths He fuithei stated that the increase is in proportion to the 
nidth of the cleft In his opinion, velopharyngeal insufficiency is due 
inoie to the widened condition of the phaiynx than to the shortened 
state of the velum Knkham reached his conclusion after making mea- 



Fig 51 — Sagittal section, showing retropharyngeal space to receive fat tissue 
(After von Gaza ) 



Fig 52 — Horizontal section at the level of the second cervical vertebra, s 
ing loose tissue behind the pharyngeal wall The dark area shows areolar 
(After von Gaza, modified from Conning ) 


surements of normal specimens of the palate and comparing these wi^| 
specimens of cleft palate of the same age at the Hunterian Museum 
the Royal College of London Basing his operation on these 
tions, Kirkham shortened the supenor constrictor muscle of the p aG 
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so as to pcMinit it to conli.ict nioio foicibh The ojteiation consisted of 
ficshenini; on citlicM side the nppci edge of the supeiioi constiictoi 
muscle and sntiiiing tins to the coi ies])onding fieshened side of the 
palato)diai}ngeus muscle (fig 54) This opeiation was perfoimed by 
Kiikhani in .i ho\ 6 ^eaIs of <ige and was a complete failuie 

A) oods in 1927 published an aiticle in which he leported success 
with the injection of ])aianin into the letiojdiai \ ngeal space m cases in 
which the ^eIoJ)hal\ngcal opening lemaincd model ately small after a 
standaid cleft jial.ite opeiation lie .ilso used a method analogous to that 
of Rutenheig which he deseiihes in the followung w^oids 

In 192s I w IS consulted I)\ n I.uh, ape 30 scars, on wdiom quite a good opera- 
tion ind been pcrfornied but tlie opening btiiind tlie palate was Iiterallj huge 
Siic icit Iier disabilit\ quite icutcls and was most ,in\ious that something should 



r ig 53 — Roentgenogram siiow iiig a gold thread placed in the transplanted fat 
tissue The pharsiigeal w'all has been brought forw'ard (After von Gaza ) 

be done I consented to trv I thought by snipping away the mucous membrane 
of the nasopharynx at the level of the palate, so as to form a linear wound there 
might be some hope that, after cicatrization when the scai contracted, the defect 
might be so reduced that she could completely cure it by training the muscles 
I accordmgl}' snipped awa}’- a ring of tissue but the result was most disappointing 
as the reined}' proved quite futile The wound healed with the most aggravating 
rapidity, leaving her neither better nor worse for the attempt 

This failuie was followed by the use of diathenu}' From the latter 
procedure, Woods claimed a fan amount of success From Wood’s 
description of the application of diathermy, one is led to believ'^e that he 
meant electrocoagulation He describes the treatment m these words 

I next tried diathermy This produced a slough of the superficial tissues of 
the sides and back of the pharynx and the edge of the soft palate, including the 
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uvula The throat was verj^ sore and painful for some days She had no rise 
in temperature After a week oi so the wound cleared up and contraction began 
This continued until about three months later The wound was reduced to the 
size of the tip of the small finger I found then that it was quite easy for her 
to close It completely by an effort of the will She thus had all the ph}sical 
conditions necessary for normal speech 

Limbeig^® of Leningiad, in 1927, ciiticized the Einst-Halle pro- 
ceduie for obtaining letioposition of the palate, this criticism being 
diiected at the fact that they divided the posteiioi palatine vessels and 



Fig 54 — A is a cross-section of the nasopharynx just above the level of tj 
uvula S' C indicates the superior constrictor , P P , palatopharyiigeus , 
nasopharynx , P G , palatoglossus , T , tongue B shows cliagramniatically a cross 
section of the point where the superior constrictor was sutured to the 
surface of the palate and the palatopharyiigeus muscles PJi indicates 
pharynx, SC, superior constrictor, PP , palatopharyiigeus, P, palate (From 
Kirkham ) 


nerves To preserve the continuity of these stiuctures and to sect 
complete relaxation of the soft tissues of the palate with its bac 
displacement, Limberg proposed two formidable operations The 
of these methods consisted of resection of the greater palatine ora 
and intei laminar osteotomy of the pterygoid piocess The secon pt 
cedure was accomplished by pterygomaxillary osteotomy 
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Ivcscctioii of the gicalei pal, it me foianicn was accomplished b}' 
means of the chisel oi honc-cutlmg foiceps, cutting mtsially and 
posiciioih to the foi.imen so as to leleasc tlie cesscls and neives and 
displace them inwaidh and posleiioil\ (hg 55 ) 

Intel lammai osttotonn of thv, internal ptei3goid plate is pei formed 
b\ placing the chisel on the jial.ite hone cvteinal to the gicatei and 
lessLi palatine foiainma The cutting edge is diicctcd paiallcl with the 
peipdendicul.il plate of the ji.il.ite bone m such a mannci as to lesect 
the intein.il ptcugoid jil.itc fiom the external at then point of aiticu- 
l.itinn with tlie p.il ite bone Ibis icsection peimits mesial tiansposition 



Fig 55 — / sliows liow interlaminar ostcotonij is made, 11 , how pterygo- 
maxillary osteotomy is made (From Limberg ) 

of the mesial 2)ter3'goid plate woth its hamulai process, and keeps the 
anatomic continuity of the vessels and neives intact (fig 55 ) Pter3^go- 
maxillar3^ osteotom3’^ was accomplished b3f introducing the chisel through 
the hoiizontal plate of the maxilla between this bone and the pteiygoid 
plate The piocess was then sepaiated and moved inw^ard towaid the 
mesial line While Limbeig pieseives the i elation of the postenoi 
palatine vessels and neives, as has been already pointed out, all suigeons 
agree that it is impossible to hbeiate the palatine mucopei losteum and 
secure the desiied backwaid displacement without injury to these 
vessels and nerves Fiom my expeiience m the opeiating room, and 
from postmoitem studies of opeiative cases, as well as anatomic studies. 
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I am convinced that the neives and vessels aie usually divided during 
cleft palate operations I fuithei behev^e that no injuiy results to the 
patients fiom the division of these stmctuies 

In May, 1928, Mooiehead.'*” of Chicago, published an article in 
v^hich he described an opeiation fot coi retting secondai} palatine 
defects by using lateial incisions similai in principle to those used 
by Einst-Halle and b} m}self foi gaming letiotiansposition ot the 
velum to coriect cleft palate speech The V-shaped incision described 
by Mooiehead was fiist suggested by Gan/ei before 1920 and later 
modified by Ernst and Halle m 1925 (fig 56) 

In 1928 Wardill'’"’ developed a two-stage opeiation b} which he 
combined nai lowing of the phaiyngeal canal with closure of the existing 
cleft m the palate to establish a good speaking \oice The fiist stage 



Fig 56 — Method of transposing the palate to (A) lengthen the palate an^ 
(5) release tension and make possible the closure of the nasopharMix m speeci 
(After Moorehead ) 


of this opeiation is analogous to that of Rutenbeig and consists m 
nail owing the nasopharynx lateially with the production of ^ 
prominent Passavant cushion Waidill desciibed this step o 
opeiation in the following woids 

The patient, lightly anesthetized, is laid upon the back with a pillow he ^ 
the shoulders and the head thrown well backwards The mouth is lo p^gga- 
with a gag The pharynx is stimulated and the position of the ridge o 
vant IS noted With a fine tenotome, the mucous membrane is incise 

93 Moorehead, F B Correction of Secondary Plate Defects J A 

90 1614 (May 19) 1928 n r A 

94 Dorrance, George M Ann Surg 82 208, 1925 , T Am en 
1112, 1927 

95 Wardill, W E M Brit J Surg 16 127 (July) 1928 
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^trstl\ at the Il\c] of tlie iitlge ot Pa^saxaiit, i c, o\cr tiic anterior arch of 
tlic itla*;, and is tlun held ojicn witii fine sharp hooks ffig 57 A) Care is taken 
not to incise too decjilv and thus open the loose aicolar tissue between the bucco- 
pharMieeal and pic\erlelir,il Ia\trs ol f isci.i 1 he buccophar} ngeal fascia is 
rel'‘li\eh toiigii, iiid tbe superior eonstrictoi imiscle and its covering mucosa can 
be readilv jKcled or scraped fiom it b^ means of blunt dissection witli a curved 
aneur\sm needle I lie dissection is carried on m this laser, upwards nearly as 
far as tlie liasc ol the skull, downw irds for a similar distance, and laterally 
besond the ndee e lused b\ the salpingophar\ngcus muscle During the whole 
of this jiart ot the oficration some resistance is felt to the dissection If this 
resistance is not felt, it is probable that the point of the needle is m the loose 
rctro])har\ ngeal eellul ir tissue 

Lsing the ancurssm needle as a combined director and retractor, the incision 
IS enlarged literilh right up to the s iIpmgopharMigcus b\ the use of a curved 



Fig 57 — 4 shows separation of the superior constrictor from the buccopharyn- 
geal fascia, B, extension of the incision as far as the salpmgopharyngeus (From 
Wardill ) 

scissors (fig 57 B) Bleeding is \eri small in amount, there being no more than 
a slight ooze The business of sewang up the incision m a vertical direction is 
now' undertaken I haae had a small spring ware retractor made (fig 58) for 
the purpose of facilitating this procedure The retractor holds the incision open 
in a vertical direction Using \erj' small curved needles made on the Mayo 
principle, sutures of N^o 0 catgut are inserted, commencing first at the upper and 
lower ends of the w'ounds, the sutures are left long and may be used as retrac- 
tors It IS important to take big bites of tissue on each side, as the sutures have 
a tendencj' to w'ork out ver}' quickly The suturing is completed in the center 
of the w'ound by joining together the salpingophar 3 'ngeal folds, including a suffi- 
cient bite to obtain a firm hold of the tough connective tissue which is intimately 
bound up with these (fig 59) Usualh a suture is passed through the posterior 
pillars of the fauces for the purpose of relieving the tension for a few davs At 
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the end of the oi)eration the halves of the soft palate are found to be much closer 
together, and the halves of the uvula may o\erlap In fact, one wonders how 
the patients are going to be able to swallow 



Fig 58 — Suture of the wound m a vertical direction A shows the edge of 
the salpingopharyngeal fold (From Wardill ) 



Fig 59 — First stage of the operation completed Lateral incisions were m 
for Langenbeck-Fergusson repair (From Wardill ) 

CONCLUSION 

Seveial years ago, I was confronted with a case of congenital 
palate, a condition for which no known treatment had succee 
obtaining normal speech I visited many of the well known 
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of ]uno]ic ami the United States The consensus among cleft palate 
opeiatois appealed to he that \\heie a long velum was piesent excellent 
icsults could he ohtamed with anv slandaul cleft palate opeiation, i e, 
the Langenhech opeiation oi .m\ of its modifications 

All agiced th.it faihues m cases occuiicd m which velophanmgeal 
closuie was insufficient 'J'hc failuics m these cases consisted chiefly 
m speech defects he p.itients could not speak any hettei aftei the 
opeiation than hefoic The inahihU to coiiect the speech deficiency 
m congenital msunicicnci of the p.il.ite wms the leason foi this study 
A complete sui\c_\ was next made of all methods emplo3'ed for 
collecting this defect I was dissatisfied with all the methods that 
had been suggested No opeiation appealed applicable m every case, 
and man} ol these opeiations weic useless 



Fig 60 — Incision running paiallel with the alveolar margin, and as near to it 
as possible, to liberate the palatine miicoperiosteum, used in the “push-back- 
operation ” 

Guided by past expeiiences, I felt that many useful suggestions were 
made by foiinei authoiities and foi gotten by then successors This 
has been the case in practically every suigical subject Hence a com- 
plete survey of the literatuie on congenital insufficiency of the palate 
was Lindei taken, a resume of which appears m the body of this paper 

As outlined in the essay, three methods of treating velopharyngeal 
insufficiency were employed either alone or m combination 

1 The use of prosthetic appliances in the form of obturator-vela 

2 Operations to produce constriction of the pharyngeal canal 

3 Operations to lengthen the velum 
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Most patients with a congenital shoitening of the palate cannot 
tolerate any contiivance within the mouth Iriitation is produced, 
spasms occur, and alteiations m the appaiatus must be made constantly 
to obtain a satisfactoiy lesult 

The following methods suggested foi the constiiction of the pharyn- 
geal canal may be consideied 

1 Those obtained by cauterization 

2 Those obtained by plastic operation 

3 Those obtained by the implantation of tissue or paraffin in the retropharyn 

geal space 



Fig 

palate 


61 — Artist s presentation of a case of congenital 


shortening of 


Cauteiization can be dismissed as useless, as it pioduces a niarvC 
amount of scai tissue, inteifeies with the function of the pharyn"^ 
disturbs the normal function of the pterygopharyngeus muscle an 
leads to improper ventilation of the middle ear 

Operations on the phaiyngeal wall were condemned because e 
lesults can be obtained by methodic speech training, as this 
hypertrophy of the superior constnctoi muscle of the pharymN: 
permits the ptery^gophaiyngeus portion of the superioi cons 
muscle to assist the velum in securing velopharyngeal closure 




Fig 62 — Artist’s presentation of the case in figure 61 with congenital short- 
ening of palate witli the mucous membrane removed 



Fig 63 — View of case m figure 61 after the mucoperiosteum is elevated and 
the palate completely freed from its attachment to the palatal processes The fan- 
shaped portion of the tensor palati muscle is cut 
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While for\^alcl bulging of the 23hai3aigeal wall can be produced 
by the injection of jiaiaffin oi tlie implantation of fat and fascia into 
the letiopbaiyngeal space, the fiist of these methods is so uncertain, 
as the niateiial injected does not stay m the desiied position, and the 
lattei method is fiaught with dangei which is out of all proportion 
to the jjossible benefits to be obtained 

Lengthening of the A^elum bj plastic operations was practicall}" 
alwajs a failuie, since the oj^eratois failed to lealize that the palatine 
attachment of the le\atoi palati muscle is placed too fai anterioil}^ and 
the tensoi palati muscle is shortei m all cases of insufficiency of the 
palate Hence, it does not make anj difteience how much the levator 
palati muscles pull, they cannot possibly bung the ^elum into its noimal 
position to secuie ^ elopharyngeal closuie 

While Bilhoth’s method of dniding the hamular process and 
Agnew’s method of cutting the tensoi palati muscle relax the tensor 
palati muscle, these pioceduies do not change the nisei tion of the 
levatoi palati muscle 

Division of the tensoi palati, the palatoglossus and palatopharyngeus 
muscles as suggested by Meais, does not in any way displace the 
jiosition of the nisei tion of the leiatoi jialati muscles 

I spent considerable time in the anatomic department ivorking out 
vaiious methods of lengthening the velum 

On dissecting a specimen with a cleft palate, I leahzed the impoitant 
fact that the nisei tion of the levator palati muscle is placed so far 
foiwaid that it could not pull the velum against the posterioi pharyngeal 
wall as the norniall}'' placed muscle could Realizing this fact, the 
solution must be to devise some means of displacing the palate backward 
so that the levatoi palati could noimallj' perfoim this function I was 
then struck by the fact that when the ele\ated palatine mucoperiosteum 
was completely freed from its attachment to the bony palate the 
fan-shaped portion of the tendon of the tensoi palati which is inserted 
into the palatine aponeuiosis prevented backwaid displacement of the 
flap Division of this fan-shaped portion, along with fieeing its 
attachment to the bonj^ palate, permitted the palate to fall backward 
by its own weight so that it approximated the pharjmgeal wall This 
backward displacement of the velum places the levator palati muscles 
in a position which approaches the noimal I then devised the follow- 
ing operation 

An incision is made as outlined in figure 60 The flap is freed 
from the bony palate i^rom before backward (fig 62) Dissection is 
earned down to the attachment of the palatine aponeurosis at the 
posterior edge of the bony palate (fig 63) The posterior palatine 
arteries are divided in this operation This constitutes the first stage 
of the operation In some cases it has been possible to do the operation 
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in one stage, when it was felt that the ])lood suppl)'- was adequate 
However, as a geneial lule, the two-stage opeiation is moie satisf acton 
The flap is leplaced to its oiiginal position and the edges sutuied Ten 
days latei, the sutuies aie iemo\ed and the flap laised again The 
attachment of the palatine aponeuiosis to the bony palate is divided, 
and that portion of the tendon of the tensor palati muscle which n 
inseited into this aponeuiosis is also divided (fig 64) The flap will 
now fall backward by its o\mi weight against the posterior wall of the 
phaiynx The anteiioi edge of this flap is then sutuied to the hard 
palate and to the soft tissue on eithei side as illustrated m figure 64 
In addition to this, the flap is furthei supported by placing an appliance 
on the teeth to support the flap Sihei wire passed around each of 
the molar teeth may be substituted foi the appliance The denuded 
surface caused by the posteiioi displacement of the velum rapidly 
fills 111 with gianulation tissue (figs 64 and 65) I have used this 
simple method with success in three cases of congenital insufficienc) 
of the palate and m seven cases of shortened palate in which operation 
had previously been performed either by niyselt or bv other suigeons, 
but in which relophaiyngeal closuie was insufficient The rationale 
of this method is based on the piiiiciple of singer} that holds elsewhere 
in the body, that muscles must be placed in as neai a normal position 
as possible, in order to obtain then piopei function My patients hare 
been under observation for a sufficient period of time to note the marked 
improvement in the functional results obtained by this method With 
speech training, they can be made to speak almost perfectly 

This research, then, has solved the problem of correcting congenita 
insufficiency of the palate 
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In 1822, Fiancois Magendie aftei dividing the trigeminal nerve 
within the skull in dogs made the following statement “The question 
of taste, formerl}'^ so obscuie, no longei piesents any difficulty Physio- 
logical expel iments and pathological observations have solved it If the 
trunk of the fifth nerve is divided m the skull, taste is completely lost, 
even for sour and bitter substances This total loss of taste has been 
noticed in persons m whom the fifth nerve has been compressed or 
altered ” The problem of taste was not, however, to be settled so 
simply and unequivocally 

As it has been impossible to expose the neives concerned in the 
mediation of taste sensations throughout their couises, indirect methods 
of study, such as the following, have been employed (1) clinical studies 
checked by pathologic observations, (2) experiments on animals and 
(3) postoperative observations on human beings From the evidence 
which has accumulated, one theory remains constant the role of the 
chorda t)'mpam in the transmission of sensations of taste All observ- 
ers admit that it does transmit these sensations, but thei e is no agreement 
as to the route of the taste fibeis in this neive from the teimmal sense 
organs to the central nucleus 

At the time Magendie performed his expei iments, little was known 
concerning the function of the chorda tympani A few years before, 
Belhngeri (1818) described it as the sensory part of the facial nerve and 
assumed that it transmitted sensations of taste to the brain The sig- 
nificance of this assumption seemed, however, to have been little appie- 
ciated until Claude Bernard, Magendie’s successor, made his contribu- 
tions to the studies of taste Montault, a pupil of Romberg, and Ber- 
nard presented a thesis (1831), in which three cases of facial paratysis 
accompanied by loss of taste over the anterior two thirds of the tongue 
were reported In 1843, Bernard reported four more cases, in which 
the facial palsy was caused by acute infections and fractures He noted 
that the general sensitivity of the side involved was not affected and 
that taste lost during the paralysis returned with recovery Section of 

Submitted for publication, Nov 26, 1929 
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the nerve, earlier performed by Magendie, was repeated by Bernard 
with a knife especially designed for this purpose by Magendie After 
division of both facial iieives intracranially he noted loss of taste similar 
to that which followed section of the choida tympani m animals He 
believed, however that the loss was not complete, but that the acuity of 
taste sensation was markedly lessened 

Bernard must have tested foi loss of taste after section of the tri- 
geminal nerves in dogs — an experiment fiequently made by him— but 
there is no mention of any such tests m his protocols He was particu- 
larly interested in the trophic changes that followed section of the fifth 
nerves and these aie frequently mentioned, but curiously enough no 
mention is made concerning the effect of such division on taste He 
accepted the views of Magendie, his pieceptor, that the fifth nerve 
transmitted sensations of taste, and sought to explain alterations in taste 
following division of the facial nerve as due to lack of "motor control'’ 
over the taste buds He stated, "The choida tympani should be consid- 
ered a motor nerve, which by its action upon the papillary lingual tissue 
regulates and renders instantaneous the transference of a rapid stimulus 
to the sensory neive which conducts it to its center ” When paralyzed, 
It affects taste, “not as a nerve of sensation, but by a special inertia of 
the gustatory organs ” 

It was not then geneially conceded that the chorda tympani played 
an important role m the conduction of sensations of taste Tests whidi 
confirmed this view were shortly to be made Duchenne (1850) and 
Blau (1879) took advantage of fistulas of the middle ear to make 
observations on the function of the chorda tympani They found that 
by stimulating the internal wall of the tympanum by irrigations, cautery 
and faradic current, they could produce sensations of taste m the ante 
nor two thirds of the tongue, but not in the postenoi one thud 
times the sensation so produced was sweet, at other times sour, ly 
at still other times a prickly sensation was produced Blau stated 1 3^ 
Troltsch had previously produced much the same sensations by pmcim* 
granulations over the chorda tympani on the internal wall of a cir 
ically inflamed middle eai Since these experiments were made, ainp^ 
opportunity has been afforded to study the effect on taste of 
the chorda tympani nerve during operations on the mastoid an 


ear < 

Guzot and Cazalis (1839) were credited by Luciani, an 
Morganti (1846) by Lussana with discoveimg that the chor a t)^ 
carries taste sensations from the anterior two thirds of the 
and that the glossopharyngeal nerve serves the same function 
posterior one third As previously stated however, Montau 
to have called attention to this dual supply several years before 
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It IS now generally accepted that the choida tyinpani conducts all 
taste fibeis fiom the anterioi two thirds of the tongue, but there is no 
unanimity of opinion as to the path that these fibers pursue from the 
geniculate ganglion in the facial to their central nucleus The attempts 
to determine the couise of these fibers may be assigned to three periods 
which, in a general way, confoim to three types of investigation The 
fiist peiiod, one in which animal experimentation predominates, covers 
the fiist two thirds of the nineteenth centuiy This period was dom- 
inated by Magendie, Bernaid and Schifif The second period, largely 
one of clinical and pathologic studies, supplemented now and again by 
animal expei imentation, covers the remaining one third of the nine- 
teenth centur}'' The third period, beginning a few years before the 
close of the nineteenth century and extending to and including the pres- 
ent time, IS concerned with tests on patients in whom the cranial nerves 
have been divided intentionally for the lelief of painful tic or some 
definite lesion 

Several diffeient pathways of the fibeis of the chorda tympani from 
the geniculate ganglion of the facial nerve to the central nucleus have 
been proposed These proposals have been based on experimental, clin- 
ical and opeiative observations 

PATHWAY PROPOSED BY SCHIPF 

Schiff (1867) made a radical departure from the teachings of 
Magendie and Bernard We have already noted that it had been con- 
ceded by most observers that the chorda tympani contained all the fibers 
of taste from the anterior two thirds of the tongue Schiff made the 
following experiments 

1 He cut the fifth nerve in animals between the brain stem and the 
gasserian ganglion and found that the sense of taste was lost He found 
that if he cut the facial nerve at the pons, taste was not affected, and 
therefore concluded that the sensations of taste must pass to the brain 
through the sensory part of the fifth nerve 

2 He found that when he cut the facial nerve at the geniculate 
ganglion or distal to it the sense of taste was destroyed, and concluded 
that these fibers must be deflected to the fifth nerve at the geniculate 
ganglion 

3 He then cut the third branch of the fifth nerve at the foramen 
ovale without influencing taste, but found that taste was lost when the 
second branch of the fifth nerve was divided at the foramen rotundum 

He concluded, therefore, that the fibers of the chorda tympani which 
carried sensations of taste passed by way of the great superficial petrosal 
nerve from the geniculate ganglion to the sphenopalatine ganglion, by 
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of the gieat superficial petrosal nerve, and by branches from Meckel’s 
ganglion to the second bianch of the tiigeininus 

LUSS\N\'s OBSERVATIONS AND PATHWAY PROPOSED BY HIM 

Two years after Schifif suggested the route just described, Lussana 
(1869) made an impiessive contiibution to the study of the course of 
the fibeis of taste He assembled a well selected group of clinical cases, 
and from a study of these ariived at a new conception of the course 
of taste fibers He concluded that the nervus inteimedius (Wrisberg) 
was the onK neive which tiansmitted sensations of taste from the ante- 
rioi two thuds of the tongue 


M mandibulsris 



Fig 2 — Pathway for taste fibers suggested by Lussana 


Lussana’s first case was seen with his associate Renzi The patient 
had complete loss of sensation over half of the face and tongue (fifth 
nerve), with no impairment of taste At autopsy the seienth and eighth 
nerves were found intact, the fifth destrojed 

His second patient had facial neuralgia The lingual nerve, including 
the chorda timpani, had been divided by an operation — “the first time 
such a procedure had been done in the history of science ” Taste was 
completely lost over the anterior two thirds of the tongue, but pain sense 
was not affected This experiment was used by him to eliminate the 
glossopharyngeal nerve as the nerve of taste for the anterior two thirds 
of the tongue 
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His last and ciucial case was again ^‘the only case of its kind in 
science ” In this patient the chorda tympani had been divided, and 
there had been no injui}^ to the fifth nerve The patient, a man aged 
48, had giadually become deaf in one eai, and in seeking relief had 
fallen into the hands of a charlatan who, m the presence of many onlook- 
ers, attempted to demonstrate his skill Tliiee times a long, narrow 
lance was thrust deeply into the ear The patient fell to the floor iii 
great agony, a convulsion followed and hemiplegia developed The 
charlatan fled in haste fiom the angiy mob Lussana found this patient 
two years later The paialysis had cleaied, sensation in the face was 
noimal, but taste for the anteiior two thuds of the tongue was still lost 
The chorda tympani had been divided 

Lussana suppoited his unique clinical observations by experiments 
on animals After cutting the inferior maxillar}'' nerve above the 
entrance of the choida tympani into the lingual or intracranially, he 
found no alteration in taste When the chorda tympani was divided m 
the tympanum, taste was peimanently lost Three years later he pub- 
lished additional data supporting Ins original contention and referred 
to the “lemarkable” earlier work of Stich (1851), who had collected 
from the liteiatuie many cases of facial paialysis accompanied by loss 
of taste Lussana’s earlier paper provoked much adveise cnticism on 
the part of Schiff, Vulpian and Viaioh 

PATHWAY SUGGESTED BY ZIEHL 

Ziehl (1889) proposed still another pathway, thus adding to the 
confusion which alieady existed He too believed that the taste fibers 
entered the brain by way of the fifth neive, but thought that they passe 
by way of the thud branch into the gasserian ganglion instead of by 
the second as Schiff had suggested This course was based on t e 
observations of Romberg, confiimed by autopsy which was pei" 
foimed by Henle in the presence of Johannes Muller ” In this case 
taste was lost over the antenoi two thirds of the tongue on one si e, 
and at autopsy a mass of granulation tissue was found which compres 
the third division of the fifth nerve at the foraman ovale Ziehl be leve 
that the observations in this case indicated that sensations of taste we 
carried to the brain by the third branch of the fifth rather than ) 
second as thought by Schiff and Erb Accepting the view that a t^^^ 
fibers pass up the chorda tympani to the geniculate ganglion, he assi 
that they then passed by way of the small superficial petrosa 
directly or by detour through the tympanic plexus, probably 
ways, to the otic ganglion and then by its communicating 
the third division of the fifth thiough the gasserian ganglion to tie 
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Many of Ziehl’s views weie based on the none too definite results 
of animal expeiiments made by Vulpian, who claimed that taste was 
lost aftei the fifth nerve was divided intracranially, hut was unaffected 
when the seventh and ninth weie divided within the skull 

Ziehl’s theory was the one that later become most generally accepted 
It leceived support from a new line of evidence the effects on taste of 
operations on the gasseiian ganglion pei formed by Krause Ziehl’s 
theoiy also seemed to be suppoited by a case reported by Ferguson, 
who found at autopsy in a patient in whom taste to the anterior two 
thirds of the tongue had been lost, an exostosis which compressed the 
vidian neive 


N oui&t c V' 

N trigem nus V j 



Fig 3 — Pathway for taste fibers postulated by Ziehl, and later supported by 
the operative results of Krause on human subjects 


Gowers (1885 and 1897) ardently championed the theor}’- that the 
fifth nerve was the pathway, without indicating preference for either 
the second or third branch He not only accepted the circuitous path- 
way proposed by Schiff, but, as the result of the examination of three 
patients in each of whom taste was lost over the entire half of the 
tongue, was convinced that “taste impressions reach the brain solely by 
the roots of the fifth nerve and that the doctrine that the roots of the 
glossopharyngeal nerve had an) thing to do with taste is a curious myth 
due to too wide an induction from certain anatomic facts and from 
dubious experiments on animals ” And again “It is possible that nerve 
fibeis for taste on the back of the tongue ma} be distributed vith the 
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ninth nerve, reaching theie from tlie otic ganglion of the tngeminus by 
the small petiosal neive and the tympanic plexus This course, I con- 
fess, seems strangely ciicuitous. but it is scarcely moie circuitous than 
that which is ceitainly taken by taste fibers of the front of the tongue” 
Although Goweis’ publications were twelve yeais apart, his views on 
taste remained unchanged However, despite Gowers’ standing in the 
medical woild, hi'=; claim that the fifth neive conducted taste fibers from 
the postenoi one thud of the longue gained few suppoiters Too many 
cases were obseived which pioved that his conclusions were incorrect 
Dixon stiongly opposed the views of Goweis and became the out- 
standing champion of the loute thiough the facial nerve Dixon’s 
impressions aie summed up in the following cjuotation "We must 
lemember that we aie not foiced to accept these complicated courses (for 
taste innervation) for the geniculate ganglion is the homologue of the 
spinal ganglia just as is the gasseiian of the fifth neive The nervus 
inteimedius is consideied to be continuous with the chorda tympani and 
so would repiesent a continuation of these fibers to the ganglion cells of 
the brain ” He also emphasized the fact that in the human embryo, 
the chorda tympani is a direct bianch of the facial neive and in the 
early stages of development is not connected with the lingual nerve 


PATHWAY rOR TASTE THROUGH THE GLOSSOPHARYNGEAL NERVE 

At least as early as 1834, the glossophaiyngeal nerve was considered 
the nerve of taste foi the entire tongue (Lussana) Biffi and Morganti 
(1846) deteimined the lingual supply to the anterior two thirds of the 
tongue and the glossophai'yngeal supply^ to the posterior third As pre- 
viously^ indicated, Montault had already' anticipated these observations 
Despite the support favoiing a fifth oi seventh neive supply for taste, 
there are those who believe that othei evidence indicates that the ninth 
nerve supplies taste fibers to the entire tongue 

Eulenburg (1871), aftei obtaining negative results following sec 
tion of the fifth and seventh neive in animals, suggested that there must 
be a communication between the geniculate ganglion and the ninth nene 
through the small superficial petrosal nerve, the tympanic plexus a 
Jacobson’s nerve Landois (1880) also taught that taste was carrie 
by the ninth nerve, possibly by the route suggested by Eulenburg or^^^^ 
a branch passing directly from the facial nerve in the fallopian c 
to the ganglion petrosum of the glossopharyngeal neive 

Lehmann (1884) reported a cerebral injury with paralysis 
ninth nerve and none of the fifth , taste was reported lost over the e 
one half of the tongue Luciani (1915) in his textbook of cited 
supported the glossopharyngeal theory Recently Doyle ( / ^ 

a case in which taste was lost ovei one half of the tongue after p 
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eral avulsion of the ninth neive, but the sensoiy root of the fifth had 
pieviously been avulsed Although this case is cited to support the 
glossophaiyngeal theoiy of taste, taste was not tested either before or 
after division of the tiigeminus oi before avulsion of the glossopharyn- 
geal neive This evidence is theiefoie inconclusive as far as the anterior 
two thuds of the tongue is concerned 

It can leadily be understood from the foregoing comment that 
tumors, inflammatoiy lesions, and cranial injuries have almost always 
affected moie than one neive and have therefoie rendered any conclu- 
sions unti ustwoi th}’- The results of animal expeiimentation are so 
variable that no conclusions can be diawn 

H nandtbuloris 



Fig 4 — Pathway for taste fibers suggested by Eulenburg and Landois 


OPERATIONS ON PATIENTS 

With the development of cianial surgery, a better opportunity was 
afforded to determine the effects on taste of section of the different 
cianial nerves Krause (1895) divided intracranially the second division 
of the fifth nerve Taste was not affected Krause’s observations did 
not support the views of Schiff and Erb, for taste was not affected when 
the gieat supeificial petrosal and Audian neives and the branches of the 
sphenopalatine ganglion were divided Later the ganglion was removed 
from the same patient, and taste was lost It seems natural, therefore, 
that Krause should have concluded that the third branch of the fifth 
conducted the fibers of taste 
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Krause’s work was quickly ciiticised by Dixon, who believed that the 
results were due to injury of the geniculate ganglion when the dura was 
stripped from the floor of the middle fossa Dixon believed that both 
petrosal iieives might be stiipped fiom then bed during exposure of 
the ganglion and that this ganglion might be pulled on oi injured 
Weakness of the facial muscles, even paialysis of these muscles in 
Krause’s cases, seemed to suppoit this contention 

Othei surgeons began to repoit cases but with vaiying conclusions 
Tiffany (1894) repoited loss of taste after division of the second and 
third branches of the fifth iiene Finney and Thomas repoited loss of 
taste aftei extirpation of the ganglion in one case, in anothei, taste was 
preseived Goweis cited the obseivations made on five patients operated 
on by Sir Victor Hoisley and Ballance Taste was lost in four and 
preserved in one Hoisley’s lesults and rieivs were much like those of 
Krause Cushing in 1903 lepoited twent} cases of operation on the 
gasserian ganglion In foui, taste was impaned Davies (1907) added 
twenty cases, the lesults almost duplicating those of Cushing Taste was 
lost in one case, impaiied in thiee and unchanged in sixteen Krause 
later reported six cases, taste being lost in two, impaired in three and 
unchanged in one Ki arise finall} came to the conclusion, because of the 
variable observations, that taste fibeis must pursue different courses in 
different individuals, and Oppenheim, Gei many’s leading neurologist at 
that time, concurred in this view Harris (1926) published a series of 
eighty-six cases of tic doulouieux in which alcohol had been injected into 
the third division of the fifth nerve or the gasseiian ganglion Taste was 
lost m eighty of these Such an injection piobably produces a more local- 
ized lesion than operations on the gassei lan ganglion wdien approached m 
the usual way through the middle fossa He was sui prised to find, as 
were others befoie him, that although in a few cases taste was totally lost 
at first, it sometimes letuined latei, even when the tongue lemained anes 
thetic The objection can no longer be raised in these cases that the 
geniculate ganglion was injured in stiipping the dura fiom the mi ^ 
fossa Harris, like Krause, expressed the belief that taste fibers haie 
different courses in diffeient peisons, but that the fifth nerve is 
principal nerve of taste In explanation of these differences he ci e 
the work of Nageotte, in which it was shown that the fifth and sensoi 
parts of the seventh and ninth nerves have a common nucleus u nci 
continuous caudalward 

MATERIAL OF PRESENT STUDY 

We have presumed to add to the lengthy literatuie on the 
taste fibers because we have material which has hitherto been una\ai 
Pure isolated divisions of the fifth, seventh and ninth nerves haie 
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peifoimed subtentoiially for the lelief of suigical conditions Com- 
bined division of the fifth and seventh has also been performed The 
fifth nerve has been divided intiacianially at the pons for tiigemmal 
neuralgia The subtentoiial operation has the advantage of not disturb- 
ing the peti osal nen^es oi geniculate ganglion or any other cranial nerve 
Division of the seventh ner\e alone has occuired during the removal of 
tumois of the cerebellopontine angle in a method lecentl} described 
As yet it has been impossible to extiipate these tumors without dividing 
the seventh neive As the fifth and ninth nerves aie usually pushed 
aside by these tumors, they may not be mjuied when the tumor is 
removed There is also an instance of a puie lesion of the seventh 
neive which was accidentally injured when the auditoi}’- neive was 
divided for relief from Menieie’s disease There was no disturbance 
of the fifth or ninth neive in this case 

NECESSITY OF CONTROL OBSERVATIONS 

Before presenting our evidence concerning the course of taste fibers 
derived from cases in which pure isolated lesions have been produced, 
It may be well to state something concerning (1) the methods of testing 
taste and (2) the necessit)^ of making contiol tests An appreciation 
of these two things may explain to some extent the divergent views 
held by different observers 

For a long time we were unable to undei stand why membeis of 
our own staff obtained different results Three examineis would obtain 
results as variable as those reported in the literature Even in a patient 
whose taste was found to be lost by one examinei , normal or subnormal 
taste would be found by another Different results may be obtained 
for the following reasons 1 Patients confuse touch and taste 2 When 
patients are allowed to withdiaw the tongue, taste will quickly be pei- 
ceived by oral and posterior glossal taste buds 3 At times, saliva 
coming in contact with the solution would carry the substance to be 
tested to the back of the mouth 4 Patients are prone to guess, par- 
ticularly when sensation is present 5 By the sense of smell, patients 
may tell before tasting whether the solutions offered them are acid or 
bitter, solutions should therefoie be used which do not stimulate smell 

In testing taste, the tip of the tongue should be covered with gauze 
and held by the exammei until the taste has been accurately identified 
in one of two wa 3 "S (1) The patient points to one of four tastes 
printed on a caid, or (2) he nods when the examiner mentions the taste 
The tongue is not to be drawn into the mouth until the taste has been 
definitely determined If this method of examination is emploied, the 
lesults will be accurate and uniform Preoperative obser\ations should 
be made as control experiments Deiiations from the normal occur 
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frequently and eithei umlateially or bilaterally Therefoie unless taste 
IS carefully tested before the operation, eiioneous conclusions maybe 
drawn The acuity of taste varies consideiably in different patients, 
as IS indicated by the following obseivations 


Cases 1 and 2 — Two patients, both men, suffered with tic douloureux Exam 
ination showed that neither had taste perception over the anterior two thirds of the 
tongue on either side when tested before operation 

Case 3 — A man, aged 40, had a painful malignant ulcer of the tongue He 
had no taste perception over the anterior two thirds of the tongue (either side) 
when tested before the operation 

Case 4 — A man, aged 56, had had the gasserian ganglion removed seven years 
by the temporal route before the test was made This patient had no sensation of 
taste on the anterior two thirds of the tongue on either side 

Case 5 — A man, aged 65, entered the hospital for treatment for tic douloureux 
When tested for taste perception before operation, it was found to be absent on 
the side of the neuralgia, but normal on the other side (anterior two-thirds) No 
cause for loss of taste on the affected side could be determined 


Case 6 and 7 — A man, aged 49, and a woman, aged 62, were afflicted with tic 
douloureux Before operation neither sugar nor salt could be detected on either 
side of the tongue (anterior two-thirds) Acid and bitter substances could be 
tasted, but perception was delayed 

Case 8 — A woman, aged 45, was afflicted with tic douloureux She could not 
taste sweet or bitter substances She could taste sour substances after thirteen 
seconds and salt after twenty-three seconds The observations on both sides were 
identical 

Case 9 — A man, aged 60, with tic douloureux could not taste sugar, salt or 
bitter substances on either side of the tongue (anterior two-thirds) Sour sub 
stances could be tasted after eight seconds 

Case 10 — A man, aged 63, afflicted with tic douloureux could not taste sugar 
or bitter substances Perception of salt and sour xvere present but were e aye 
eight seconds 

It will be seen f i om the observations given that it cannot be assumed 
that taste is normal in any person Each one should be tested e ore 
opeiation, foi the incidence of defective taste is high and the character 
of the change is vaiiable Although loss oi diminution in aciut) o 
taste is usually symimetrical, this is not necessaiily so, as is m iCc 
by the hemigeusia in case 5 Had not taste been tested before 
in this case, section of the sensory root of the fifth neive would 
been regarded as the cause of the loss of taste 

There is still another possible cause of eiior If alcoholic 
of bitter substances are used diffusion occurs, and aftei a mini 
more, taste may be perceived on the othei side The patient nia) 


may not know on which side the taste perception occurs 

In all of our observations one minute has been the upper 
taste determinations Substances not detected within this time 


limit for 
will not 


be appreciated at all 
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PURE EXPERIMENTAL NERVE LESIONS 

The material has been grouped under the following headings 
(1) pure fifth nerve lesions, (2) pure ninth nerve lesions, (3) com- 
bined pure fifth and ninth nerve lesions, (4) puie seventh nerve lesions 
(intiacramal) and (5) puie seventh nerve lesions (peripheral) 

GROUP I PURE FIFTH NERVE LESIONS 

Case 1 — A sparely nourished woman, aged 63, sought relief from trigeminal 
neuralgia Pain like a pm prick began eleven years before examination, m the 
right side of the face below the eye At first the attacks were not severe, but 
gradually they became more so and occurred more frequently, six years before, 
they became excruciating They were induced by eating, drinking or touching the 
hp Four injections of alcohol afforded relief over varying periods of time The 
neurologic examination gave entirely negative results Gustatory tests were not 
made before operation 

On Sept 17, 1927, the right sensory root was divided by the subcerebellar 
route Total anesthesia resulted for all forms of sensation in the domain of the 
trigeminal nerve 

Five months after operation, the results obtained by one of us (W E D ) m 
tests for taste were 

Right (Affected 



Side), Seconds 

Left Side 

Salt 

0 

40 seconds 

Acid 

15 

Instantly 

Bitter 

10 

5 seconds 

Sugar 

0 

0 seconds 


Case 2 — A rather obese woman, aged 70, sought relief for tic douloureux on 
the right side Two years before consulting us she experienced sudden attacks of 
sharp pain, like needle pricks, m the right molar region The pains became pro- 
gressively more severe and more frequent Gradually also the involved area of the 
face spread to the eye and the forehead Eating, drinking, cold and touching 
the face precipitated the pain The physical and neurologic examinations gave 
entirely negative results Gustatory tests were not made before operation 

On March 30, 1927, the sensory root of the right trigeminal nerve was divided 
at the pons, by the subcerebellar route Complete anesthesia for all forms of 
sensation followed m the domain of the trigeminal nerve 

Eight days after operation, the following results were obtained b\ one of us 
(W E D ) m a test for taste 



Right (Affected 
Side), Seconds 

Left 

Sugar 

IS 

Instanth 

Salt 

50 

Instanth 

Acid 

20 

Instanth 

Bitter 

60 

Instanth 
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Eleven days after 

operation, the following results were obtained by another 

examiner 




Right (Affected 



Side), Seconds 

Left 

Sugar 

0 

Instantly 

Salt 

0 

Instantly 

Acid 

20 

Instantly 

Bitter 

3 

Instantly 

Nine months after operation, the following results were obtained 


Right (Affected 

Left, 


Side), Seconds 

Seconds 

Sugar 

0 

0 

Salt 

0 

0 

Acid 

2 

2 

Bitter 

2 

2 

The results of a recent test, two and one-half years after operation were 


Right (Affected 

Left, 


Side), Seconds 

Seconds 

Sugar 

0 

30 

Salt 

2 

2 

Acid 

2 

1 

Bitter 

2 

2 


Case 3 — A slender, emaciated woman, aged 51, was referred by Dr John 
Gilmore, of Wheeling, W Va , for relief from tic douloureux Ten years ago a 
slight pain began in the lower teeth and the lower hp on the left side, wit ou 
known cause Gradually the pain became more severe and spread to the upper 
two branches of the nerve, thus involving the entire area of the right tngemmn 
nerve The pain was paroxysmal and of terrific intensity A draught of co nir, 
eating and drinking induced the attacks All of the teeth on the left side ha oe 
extracted in a futile effort to abolish the pain She had lost a great deal o 
because eating was painful Physical and neurologic examinations yielded nega ^ 
results Section of the left sensory root of the trigeminal nerve at the pons 
cerebellar route) was performed on Feb 7, 1928 Total anesthesia for al orm 


sensation resulted in the domain of the affected nerve 


Before operation the following results were obtained by an associate m 


test 


for taste on the affected side only 

Left (Affected Side) 

Sugar 

7 seconds 

Salt 

IS seconds 

Acid 

8 seconds 

Bitter 

Not identified , 
called “sweetish” 

Three days after operation, the 
(WED) 

following results were obtained by one 


of 
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Left (Affected 

Right, 

' 

Side), Seconds 

Seconds 

Sugar 

10 

10 

Salt 

0 

2 

Acid 

10 

2 

Bitter 

10 

2 

da3'S after operation, the following results were obtained 

b3" an associate 


Left (Affected 

Right, 


Side), Seconds 

Seconds 

Sugar 

5 

5 

Salt 

20 

10 

Acid 

18 

10 

Bitter 

15 

12 


Case 4 — A large robust man, aged 42, was referred by Dr John Gilmore, of 
Wheeling, W Va , for treatment for tic douloureux: Six 3 ears before, tender- 
ness was first noticed along the lower branch of the trigeminal nerve Parox3Sms 
of pain soon developed at the site of tenderness The pain gradually increased in 
severit}’’, and finally it invohed all three branches of the nerve, though the starting 
point was in the mandibular branch Never a da3' passed without several attacks 
of terrific pain Eating, drinking and touching the face induced the pain Ph3Sical 
and neurologic examinations gave entire^ negative results 

On Feb 7, 1928, the sensory root of the left trigeminal nerve was sectioned 
totally at the pons Complete anesthesia over the domain of this ner-ve resulted 
Before operation the results of a gustator3 examination on the affected side 
only, made by an associate, were as follows 

Left (Affected Side) 

Sugar 10 seconds 

Salt 12 seconds 

Acid 20 seconds 

Bitter 15 seconds 


Seven days after operation, the following results nere obtained by one of us 
(W E D) 



Left (Affected 

Right, 


Side), Seconds 

Seconds 

Sugar 

30 

20 

Salt 

Not recognized 

5 

Acid 

2 

2 

Bitter 

2 

2 

da3's after operation. 

the following results were obtained 

b3 an associate 


Left (Affected 

Right, 


Side), Seconds 

Seconds 

Sugar 

25 

15 

Salt 

12 

5 

Acid 

5 

7 

Bitter 

20 

10 


Case 5 — \ veil nourished noman aged 59 nas referred b3 Dr H Khnzing, 
of Pittsburgh, for treatment for pain in the right side of the face Fifteen 3 cars 
before she nas seen b\ us the t3pe of pain of nhich she complained began in the 
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right temple, soon passed to the eye, where it became more intense, and persisted 
for about twelve hours There was some radiation of the pain to the upper and 
lower teeth on the same side, also to the back of the head and ear on the right 
side The pain never spread to the left side, nor did it ever arise there It was 
present almost every day and gencrallj lasted about twelve hours It usually 
began about 4 o’clock in the afternoon Acctylsalicylic acid and a brand of amido- 
pyrine relieved the patient only partially and for about two hours Eating, drink 
mg and rubbing the face did not induce the pain nor did anything else of which she 
knew Physical and neurologic examinations yielded entirely negative results 

Because of the radiation of the pain to the teeth, a diagnosis of an unusual 
form of trigeminal neuralgia was made 

Complete section of the right sensory root at the pons was performed on 
July 28, 1927 Total anesthesia resulted for all forms of sensation in the affected 
nerve Complete section of the sensory root was made because of the unusual 
type There has not been a suggestion of tbc former pain to the time of this 
writing, tw'o years later 

Before operation, the following results were obtained bv an associate in exami- 
nations for taste 



Right (Affected 
Side) 

Left 

Sugar 

Instantly 

Instantlv 

Salt 

Instantlv 

Instantlv 

Acid 

Instantly 

Instantly 

Bitter 

Instantly 

Instantly 


Seven days after operation the following results w'ere obtained b\ the same 
associate 



Right (Affected 
Side), Seconds 

Left 

Sugar 

2 

2 

Salt 

2 

Instantly 

Acid 

2 

Instantly 

Bitter 

Instantlv 

Instant!} 


Case 6 — A well nourished woman, aged 48, w'as referred by Dr 
Hamman Her complaint was attacks of pain in the right eye Since the 
the patient had had occipital headaches extending to the vertex About 
before she consulted us this headache seemed to change to a single 
in the right eyeball At first the pam occurred about every six weeks 
It increased to once a week and became much more intense It began gra 
first being scarcely perceptible , it continued steadily to become more 
ing Its maximum intensity in about twelve hours, and then gradua y ® 

Each attack lasted about forty-eight hours Codeine deadened the 
There was no pam in the face Nothing induced the pain or mo i e ^.g^iate 

At times there was a sensation of cold m the eyeball The pain i 
to any part of the sensory domain of the trigeminal nerve There was 
history of similar pain in any member of her family The resu ts o P 
neurologic examinations were normal sinul'“' 

The pain was suggestive of migraine Relief from pam o ^ thi'. 

character had been given by section of the sensory root in Total anestb^'’^ 

operation was performed on the right side on July 9, 
resulted for all forms of sensation in the right terminal area 
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Before operation, taste was found by an associate to be normal on both sides 
After operation (eight days), the following results were obtained by an 
associate 

Right (Affected Left, 

Side), Seconds Seconds 


Sugar 

Salt 

Acid 

Bitter 


3 

2 

2 

2 


2 

2 

2 

2 


Case 7 — A sparely nourished man, aged 58, was referred by Dr Le Grand 
Guerry, of Columbia, S C , because of bilateral tic douloureux For twenty-one 
years he had suffered with trigeminal neuralgia of the right side, apparently all 
three branches were involved at the onset The left side became involved six 
years before we saw him, but only the second and third branches were painful 
The pains on both sides had all the characteristics of tic douloureaux They were 
parox>smal, and were brought on by eating, drinking, cold air or touching the 
face He had had numerous peripheral operations and injections of alcohol, ua^h 
short periods of temporary relief Usually when the pain began on one side 
(either side) it spread to the other side, though there were periods when the 
attacks affected one side only 

The diagnosis was bilateral trigeminal neuralgia 

On April 30, 1926, both the right and left sensory roots of the trigeminal 
nerves were sectioned at the pons (subcerebellar route) at the same operation 
Tests for taste were not made before operation Three weeks after operation, 
the patient could promptly taste sweet, salt, acid and bitter on both sides The time 
of recognition of the taste was not noted, as this was our first test of this function 
Six months later, he wrote ' The taste is perfect, so I can’t understand why I 
am not gaining faster the sense of feeling or touch inside the mouth ” 

After the operation, both sides of the face were completelj anesthetic to all 
forms of sensation 


Case 8 — A sparely nourished woman, aged 62, was referred for typical right- 
sided neuralgia of three years’ duration For over a year, the pains were only 
occasional and of verj’^ short duration , gradually, they became more frequent, of 
’onger duration and more intense Finally, each paroxysm of pain lasted about 
three minutes They were induced by eating, drinking, cold air or touching the 
face They began over the right eye and did not spread 

Physical and neurologic examinations gave entirely negative results 
The sensory root of the right trigeminal nene was sectioned at the pons on 
Dec 21, 1928 There was complete loss of all forms of sensation m the domain of 
thb right trigeminal nerve after the operation 

Examination for taste was not made before or immediatelj after operation 
Seven months after the operation, the following results nere obtained in tests 


; by one of us (VV E D ) 

Right (Affected 
Side), Seconds 

Left, 

Seconds 

Sugar 

1 

4 

Salt 

1 

40 

i\cid 

1 

40 

Bitter 

12 

45 


All forms of taste were much less intense on the left (normal) side 
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SiniiJiiaiy — In this gioup aie included only those patients in whom 
total anesthesia foi all forms of sensation except taste followed section 
of the sensoiy root of the tiigeminus There was essentially no diffei- 
ence in the acuity of taste aftei dnusioii of the sensory root It may well 
be asked why these results should be different from those obtained b) 
section of the sensory root by the tempoial route as performed b}'’ Krause, 
Cushing and others B}'' the temporal route the petrosal nerves are torn 
and at times the geniculate ganglion is injured in stripping the dura from 
the temporal bone Since the petrosal nerves have been included in 
the pathwaj's of taste, their injuiy adds a complication and prevents the 
lesults fiom being accepted as pure fifth neive lesions By the sub- 
cerebellai route, which we have used exclusively, the lesion is strictly 
that of the fifth nerve, for no othei nerves cross the line of appioach 
Twenty-five additional cases of piesumably total trigeminal section 
b)"^ this route are not included in this group because sensation in varying 
degrees has been letamed The pieseivation of sensation is not due, 
as might well be reasoned, to subtotal section of the sensoiy root but 
to variable adjacent accessoiy fibers which retain the sensory function 
In none of these additional cases has taste been lost after partial or total 
section of the sensory root Nor is a still greater number of cases of 
deliberate partial section of the sensory root included, although the 
results obtained are precisely similar 

Partial section of the nerve is now used exclusivel) instead of total 
division, for pain fibers have been found to be located solely in the 
posteiioi border of the sensoiy root and sensation to the face can be 
left almost intact by preservation of the anterior half of the root 

Pei haps the most impressive test of the series (group 1) that taste 
is not earned hy the trigeminal nerve is offered in case 7, in which the 
sensoiy roots of both trigeminal nerves were totally divided at the 
same operation Although all sensation of both trigeminal nerves was 
totally abolished, all forms of taste to the anterior two thirds of the 
tongue were promptly recognized 

GROUP II PL RE NINTH NERVE LESIONS 

Case 1 — A robust man, aged 45, sought relief for agonizing paro\^ siml pains 
beginning in the tonsil region These pains vere brought on b\ shallowing and 
talking, and even occurred spontaneoush The pain was so terrific that he sat in 
terror, afraid to eat or drink, and held his head inclined at an angle so that the 
saliva could drool from his mouth on the unaffected side These pains had been 
present for three years, though there w'ere periods lasting for months in which 
the same stimuli would not produce the attacks He said the pain felt as though 
a red hot poker w'ere being thrust into the back of the tongue He had learned that 
relief could be obtained bj the application of cocaine to the affected jaw 

Ph^sIcal and neurologic examinations ga^e cntireh negatne results The 
Instore was tepical of glossopharengeal neuralgia 
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On April 6, 1927, the glossopharyngeal nerve was divided iiitracranially under 
local anesthesia Following the operation there was loss of sensation in the back 
of the tongue and the mouth on the affected side , this extended to the epiglottis 
below and to the roof of the pharynx above There was also loss of taste m the 
posterior third of the tongue The functions of the other cranial nerves remained 
entirely normal A pure ninth ner\e lesion was thus produced 

Test for taste by one of us (W E D ) on the anterior two thirds of the 


ten days after 

the operation, gave the following results 


Left (Affected 


Side), Seconds Right 

Sugar 

Instantly Instantly 

Salt 

Instantly Instantly 

Acid 

Instantly Instantly 

Bitter 

Instantly Instantly 


Case 2 — A well nourished man, aged 56, pale and sallow from lack of recent 
nourishment, was referred by our associate, Dr S J Crowe, for relief from pam 
that was characteristic of glossopharjngca! tic douloureux Fifteen years before 
he w’as seen by us, while he w'as talking w'lth a friend, there suddenly appeared an 
excruciating pain in a w'cll locahrcd spot in the back of the tongue and near the 
tonsils , It lasted onlv a few seconds During the succeeding years, similar 
momentary pains struck him from time to time, thc\ w'ere so infrequent as not 
to be a severe handicap The pain felt as though a red hot iron were being 
jabbed into the tongue At first he w’as unable to discover any inciting cause, but 
later at certain times the attacks were brought on bv eating, drinking and talking 
For two weeks before entering the hospital the attacks had been almost continuous, 
and the patient did not dare to cat, drink or talk, sneezing or coughing also brought 
on the paroxysms 

Neurologic and physical examinations gave entirely negative results 
On May 11, 1927, under local anesthesia, the glossopharyngeal nerve was 
divided intracranially There w’as loss of sensation over the same area as m 
preceding case, and the same loss of taste in the posterior third of the tongue 
One week after the operation, the follow'ing results w ere obtained by one o 


(WED) 


Sugar 

Salt 

Acid 

Bitter 


Left (Affected 
Side), Seconds Right 
1 Instantly 

1 Instantly 

1 Instantly 

1 Instantly 


At recent examination there was just an appreciable difference betwe^ 
of perception of taste, and to the patient there was also a J v 

intensity of taste perception 
entirely normal 

Case 3 — A large, strong, colored man, ageu j*, 

se^ere pain in the left side of the neck and ear Four years before 3 bug 

tion a peculiar sensation developed m the left ear , at first it felt as i u, tbe 

and then a trigger zone m the external auditory canal He was 
Johns Hopkins Dispensary for two years, at which time a swe mg w 
the auditory canal but 

During the first few months there was some discharge o (o dra'" 

although the swelling was incised on several occasions, it did not con 


Sensation over the domain of the fifth ner 
1 , aged 32, complained of ^ 
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pus The canal became occluded by a hard growth which was tender From this, 
deafness and ringing in the ear developed Two and one-half j^ears ago a mastoid 
operation was performed, but no infection was found A mass of fibrous and fatt\ 
tissue covered with epithelium was removed from the cartilaginous canal Follow- 
ing this operation, hearing returned and there was relief from pain for over a 
year One year ago, the present type of pain began , it gradually became v orse so 
that he was unable to sleep at night without taking sedatives The pain was con- 
tinuous It began m front of the ear, ran back of the ear and down the neck to 
the angle of the jaw It was aggravated by sv allowing cold an and b\ moving 
the jaw 

Physical and neurologic examinations showed nothing other than a localized 
lesion m the ear The distribution of pam made us feel that the glossopharj ngeal 
nerve was affected 

On Feb 18, 1928, the left glossopharyngeal nerve was divided intracranialh 
No other nerves were injured Before operation the following results were 
obtained bj' an associate m an examination for taste 


associate 



Left (Affected 

Right, 


Side), Seconds 

Seconds 

Sugar 

10 

10 

Salt 

12 

10 

Acid 

5 

7 

Bitter 

S 

5 

t days after the operation. 

the following results w ere obtained bj th 


Left (Affected 

Right, 


Side), Seconds 

Seconds 

Sugar 

3 

3 

Salt 

7 

8 

Acid 

10 

5 

Bitter 

4 

3 


Snmmaiy — In these three cases of total section of the glosso- 
pharyngeal nerve, taste remained normal over the anterior two thirds 
of the tongue on the affected side There can be no purer nerve lesions 
than those produced by intracranial section of the glossopharyngeal 
nerve, for no other nerv^es are touched during exposure and section of 
the nerve The results of this group should, therefore, dispose of the 
ninth nerve as a conductor of taste from the anterior two thirds of 
the tongue 


GROUP III COMBINED PURE FIFTH AND NINTH NERVE LESIONS 

A large, somewhat undernourished man aged 69, complained of severe facial 
pain caused bv carcinoma of the left side of the face The growth which was of 
eleven v ears’ duration, was first observed just within the left auditorv canal It 
had been treated w ith radium for the past eight v ears It had healed and reopened 
on several occasions The pain began two weeks after treatment with “radium 
seeds ’ at another clinic two vears before It had steadih become worse At times 
the whole side of the face pained A.ssociatcd with the carcinoma there wa= 
necrosis of the neck of the mandible from which the open sinus persisted 
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Section of the left fifth and ninth nenes intracraniallj and of the great 
auricular nerve superficially was performed on Feb 21, 1928 

Before operation, the following results for taste were obtained bj an associate 



Left (Affected 

Right, 


Side), Seconds 

Seconds 

Sugar 

40 

25 

Salt 

20 

25 

Acid 

20 

25 

Bitter 

20 

15 


Seven dajs after operation, the same associate obtained the following results 
for the anterior two thirds of the tongue on the affected side onlj 

Left (Affected Side), 



Seconds 

Sugar 

30 

Salt 

35 

Acid 

10 

Bitter 

20 


There was total anesthesia for all forms of sensation over the affected trigemi- 
nal area 

Summmy — ^This single instance of pure experimental lesions of the 
fifth and ninth nertes combined merel} adds emphasis to the results 
of the two foregoing groups , namely, that the intracranial portion of 
neither the trigemnial nor the glossophart ngeal nene conducts taste 
sensations from the anterior two thirds of the tongue 

GROUP IV PURE SEVEXTH KERVE LESIOXS (lXTR\CR VXIAU) 

Case 1 — A 3 oung w'oman, aged 25, of normal appearance, w as referred w ith 
the diagnosis of an unlocahzed tumor of the brain Eight months before admis- 
sion, headaches began This w^as one month before her babj was bom Staggering 
occurred from time to time and made her fearful of crossing the street Deafness 
began in the right ear and soon became total During the last months of preg- 
nancj% she had three attacks of projectile romiting associated with serere headache 
Twm months after the birth of her babj, she consulted an ophthalmologist 
because of blurred iision, he found bilateral papilledema and ad\ised her to 
consult a neurologist Shorth afterward a cerebellar exploration was made in 
another clinic, but nothing was found Fne months later, s\mptoms liaMng 
steadilj progressed, she entered the Johns Hopkins Hospital 

The following positne observations indicated a right cerebellopontile tumor (1) 
bilateral papilledema, (2) bulging, tight, bilateral cerebellar decompression , 
(3) deafness (total) in the right ear, (4) diminished sensation over the right 
trigeminal area, (5) slight right facial weakness of the peripheral tvpe, (6) stag- 
gering gait, (7) a positive Romberg sign tailing to the right, and (8) ata\ia on 
the right side 

In view of the negative cerebellar exploration at which the cerebellopontile 
angle had presiimablv been exposed an injection 01 air was made There was 
bilateral hv drocephalus establi'shing tie diagnosis of a subtentorial tumor 
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On May 23, 1921, a right-sided cerebellopontilc tumor was totally reiiio\ed 
The right facial nerve was necessarily sacrificed A spinofacial anastomosis \va<; 
refused 

Tests for taste were made on Dec 20, 1928, or seven and one-half years after 
removal of the tumor There had been no preoperative gustatory examination 
All forms of sensation were normal over the domains of the trigeminal and giosso 
pharyngeal nerves on the affected side 

Right (Affected Left 
Side) , Seconds Seconds 


Sugar 

0 

5 

Salt 

0 

Instantly 

Acid 

0 

Instantly 

Bitter 

0 

Instantly 


Case 2 — A rather obese noman, aged 49, was referred by Dr Hugh Morgan, 
of Nashville, Tenn , with the diagnosis of a cerebellopontile tumor Twelve \ears 
before he consulted us, tinnitus began in the left ear, there was some associated 
dizziness Six years before, deafness began in the left ear and steadily progressed 
Three years before, unsteadiness of gait was first noticed It was present only at 
times There had been spells of unconsciousness wuth subsequent iveakness of the 
lower limbs, but no convulsions Headaches began in the suboccipital region four 
months before we saw him There had also been left occipital pains and stiffness 
of the neck 

On neurologic examination, the patient show'cd the positive signs of a left 
cerebellopontile tumor, i c, (1) complete deafness of the left ear, (2) a stag- 
gering gait, (3) a positive Romberg sign, falling backw'ard and to the left, (4) 
ataxia on the left side, and (5) bilateral papilledema 
The diagnosis was a left cerebellopontile tumor 

On Nov 3, 1923, the tumor was totally removed The facial nerve was 
sacrificed Spinofacial anastomosis gave excellent return of function 

Complete recovery followed The patient was living and well on Aug 1> 1 - 
No tests for taste were made before operation The sensation over the domam 
of the left (affected side) trigeminal and glossopharMigeal nerves w’as ummpau^ 
In December, 1928, five years after the tumor had been removed, an exanima 
tion for taste by one of us (W E D ) showed 

Left (Affected Righk 

Side), Seconds Seconds 

Sugar 0 ^ 

c„i,. 0 Instant!} 

iad 0 

Bitter 0 Instantly 

Case 3 — A sparely nourished woman, aged 33, w'as referred by 
Haraman, of Baltimore, with a diagnosis of tumor of the brain 
began five years before we saw her with pain and stiffness m tie ^ ggj i\\o 
neck These pains had grown worse and more frequent ggrs 0” 

years, and they had been accompanied by dizziness and ringing m o^^^ 
three occasions she had lost consciousness For about one \ioIenf 

increasing dimness of vision and transient diplopia There la ggggciated 
vomiting every few days for the past six months This w'as not 
the intake of fluid but rather with a sudden change of position ^ of 
she had been unable to walk without support For the past }ear. 
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much more irritable, unreasonable and irresponsible For several months, there 
had been urgency and hesitancy in urination Deafness was first noticed in the 
right ear two years before she consulted us 

Neurologic examinations disclosed a characteristic right cerebellopontile tumor, 
as revealed by the following symptoms (1) total deafness of the right ear, (2) 
bilateral papilledema, (3) a staggering gait, (4) a positive Romberg sign, (5) 
ataxia on the right side, and (6) suggestive hyperesthesia over the right trigeminal 
area 

Operation A right-sided cerebellopontile tumor was completely removed on 
Aug 5, 1927 The facial nerve was sacrificed, this loss of function was repaired 
by a spinofacial anastomosis two weeks later 

A test for taste was made by one of us (W E D ) at the time of discharge 
from the hospital, eighteen days after operation, with the following results 


Right (Affected Left, 
Side), Seconds Seconds 

Sugar 0 10 

Salt 0 15 

Acid 0 7 

Bitter 0 10 


Sensation on the affected side of the face w'as unimpaired 
Case 4 — A well nourished woman, aged 29, was referred by Dr John Barron, 
of York, S C She complained of staggering and drawing of her face Five 
years before we saw her, deafness was first noticed m her left ear About a year 
before, the deafness became more pronounced and other symptoms developed about 
the same time, there were headaches, attacks of dizziness and staggering, partic- 
ularly when turning Six months before examination, her gait became unsteady, 
she became worried and irritable and had frequent attacks of crying The head- 
aches became more frequent and more severe, especially during the menstrual 
periods The headaches at first were frontal, and later became general Vision 
was blurred and the patient had frequent attacks of diplopia Four months before 
we saw her, numbness developed m the left side of the face, and at the same time 
her face drew to the right side and she was unable to close her left eye 

The following positive signs were disclosed on neurologic examination (1) 
bilateral papilledema, (2) deafness m the right ear, (3) paraljsis of the left side 
of the face, (4) a staggering gait, (5) a positive Romberg sign with falling 
toward the left, (6) nystagmus, and (7) bilateral ankle clonus and bilateral 
Babinski reflex 

On Sept 13, 1927, a large left-sided cerebellopontile tumor was completelj 
removed The seventh nerve was sacrificed, tw'o weeks later a spinofacial anasto- 
mosis W'as performed to correct the facial deformity 

Examination for taste made b}' one of us (W E D) at the time of discharge, 
seventeen davs after operation, show'ed the following results 

Left ( Effected 



Side), Seconds 

Right 

Sugar 

0 

Instanth 

Salt 

0 

Instantlj 

Acid 

0 

Instanth 

Bitter 

0 

Instanth 


Sensation on the affected side of the face was unimpaired 
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Case 5 — The patient was a normal appearing woman, aged 42, referred bj 
Dr N G Wilson, of Norfolk, Va, with a diagnosis of tumor of the brain The 
patient dated the onset of her present trouble to five years before we saw her, 
when she noticed a clicking, buzzing noise in the right ear A month or two later 
she suddenly became deaf in that ear She had very few symptoms, however, 
until a year before examination, when a tonsillectomy was done, immediatel} 
afterward she noticed numbness and loss of sensation in the right side of the face 
and the side of the cheek At the same time pains which she considered sciatica 
appeared in both legs from time to time For the past six months she had had 
staggering gait, with falling to the right She had had some headache which 
concentrated in the right mastoid region and w Inch was much intensified by strain 
ing at the stool 

The following positive neurologic observations indicated a right cerebellopontile 
tumor (1) bilateral papilledema, (2) deafness in the right ear, (3) absence of 
corneal reflex on the right side, some loss of sensation in the right trigeminal 
area, (4) a positive Romberg sign, falling to the right, (5) a staggering gait, and 
(6) a positive Babinski leflex 

On Ma 3 ' S, 1925, a right-sided cerebellopontile tumor was completely removed 
The right facial nerve was sacrificed, a spinofacial anastomosis was performed 
three weeks later The patient has been well to tlie time of writing, Aug 1, 1929 

Tests for taste vvere made on July' 20, 1928, over three years after the tumor 
was removed There had been no preoperative tests for taste All forms of 
sensation over the domain of tlie trigeminal and glossopharyngeal nerves on the 
affected side were normal The results of the tests for taste made by one of us 


(W ED) were as follows 

Right (Affected Left, 
Side), Seconds Seconds 

Sugar 0 5 

Salt 0 Instantly 

Acid 0 Instantly 

Bitter 0 Instantly 


Case 6 — A slender woman, aged 35, was referred by Dr Sydney Mi er, o^ 
Baltimore, with the diagnosis of a tumor of the brain Illness began two y^^^ 
before we saw her, with severe headaches in the frontal region on both si es 
headaches were usually associated wuth vomiting, which sometimes was 
of the projectile type They had rather diminished m severity and reQU^ 
though they were still very disturbing Spells of dizziness began or 

headaches, this persisted and was more marked w'hen the patient move 
turned the head suddenly Impairment of hearing m the right ear 
about the same time , this had gradually progressed The patient la e 
in the knees Her feet had seemed heavy She had had the sensation 

ggrin^ Qj- 

Neurologic examination indicated a typical right-sided cerebelloponti 
as revealed by the following signs (1) deafness of the right ear, to 

papilledema, (3) staggering gait, (4) a positive Romberg sign, corneal 

the right, (5) ataxia on the right side, (6) nystagmus, (7) ess 
reflex, and (8) diminution in sensation over the trigeminal area 

A right-sided cerebellopontile tumor was completely removed on ^ ^^psule ^ 
The seventh nerve was routinely sacrificed in the removal o 
spinofacial anastomosis was done two weeks later to correct us 
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A test for taste made by one of us (W E D) at the time of discharge, tweiitj- 
seven days after the operation, gave the following results 

Right (Affected Left, 


Side), Seconds Seconds 

Sugar 0 15 

Salt 0 3 

Acid 0 3 

Bitter 0 5 


Some diminution of all forms of sensation over the right trigeminal area 
remained 

Case 7 — A well nourished man, aged 37, was referred by Dr R A King, of 
Pittsburgh, with the diagnosis of a tumor of the brain The symptoms began three 
years before our observation, with severe pains in the vertex At the same time 
dizziness began to occur several times a day He would stagger like a drunken 
man during these attacks About two years before we saw him, weakness of the 
facial muscles on the right side was noticed One year before, transient attacks 
of blindness appeared, lasting from a few seconds to a minute Deafness ante- 
dated all of the symptoms mentioned, it began four years before examination and 
became complete tivo and one-half years ago 

Neurologic examination showed all the signs of a right cerebellopontile tumor, 
as follows ( 1 ) bilateral papilledema, ( 2 ) weakness of the right external rectus 
muscle, (3) nystagmus, (4) absence of the corneal reflex, (5) diminished sensa- 
tion over that side of the face, ( 6 ) partial right facial paralysis, (7) complete 
deafness in the right ear, ( 8 ) a staggering gait, (9) a positive Romberg sign, and 
( 10 ) ataxia on the right side 

Operation On May 5, 1927, a large cerebellopontile tumor on the right side 
was completely removed Two weeks later a spinofacial anastomosis was done 
because of the facial paralysis resulting from the sacrifice of the seventh nerve 

At the time of discharge there still persisted a loss of the corneal reflex on 
this side and diminution of sensation over the right trigeminal area, this uas less 
pronounced than before operation 

The following results were obtained in a test for taste made by one of us 
(W E D ) at the time of discharge, three weeks after operation 



Right (Affected 
Side), Seconds 

Left 

Sugar 

0 

Instanth 

Salt 

0 

Instantiv 

Acid 

0 

Instanth 

Bitter 

0 

Instantiv 


Case 8 — A feeble, emaciated i\oman, aged 58, was referred bi Dr A E Fink, 
of Newark, N J, with the diagnosis of a cerebellopontile tumor Three 3 ears 
before, she had influenza, followed b\ otitis media on the left side The hearing 
in the left ear had since been impaired For a rear she had been totalK deaf in the 
left ear and for the past six months she iiad noticed an instaliiliti of balance with 
a tendenci to fall to the left when the cics were closed, she had, howeier never 
fallen In the left ear there had been a noise like an engine 

Neurologic examination showed the lollow mg positive observations (H com- 
plete deafness in the left ear ( 2 ) slight facial wtikness on the leit side tl) 
diminished corneal reflex and impaired sensation on the leit side 14) a positive 
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Romberg sign and staggering gait , (5) nystagmus, and (6) ataxia on the left side 
On April 24, 1926, a left cerebellopontile tumor was completely removed The 
left facial nerve was sacrificed in removing the tumor 

An examination for taste, made by one of us (W ED) two and one-half 
years after the operation, gave the following results 

Left (Affected 



Side), Seconds 

Right 

Suga- 

0 

Instantly 

Salt 

0 

Instantly 

Acid 

0 

Instantly 

Bitter 

0 

Instantly 


There was a slightly diminished acuity for heat, cold and sharp over the left 
trigeminal area There was no loss of sensation over the glossopharyngeal domain 
Case 9 — A normal appearing woman, aged 28, entered the Johns Hopkin« 
Hospital to be treated for a tumor of the brain Her first symptoms began two 
j'ears before with beginning deafness in the right ear Six months before admission 
to the hospital she became totally deaf in this car, and the hearing on the left side 
had begun to diminish For the past six months she had had a staggering gait 
Three months before examination this became so severe that she fell on several 
occasions, always to the right side At the same time her speech became thick and 
slurred, and difficulty in swallowing developed Recently her right arm and right 
leg had been useless She had had severe general headaches with intensification in 
the supra-orbital region, and more on the right side 

Neurologic examination indicated a right cerebellopontile tumor, as revealed by 
the following signs (1) bilateral papilledema, (2) deafness in the right ear, 
(3) some diminution in sensation m the left side of the face , (4) slight facial weak 
ness on the right side, peripheral in type, (5) staggering gait, (6) a positive 
Romberg sign, falling backward and to the right , (7) nystagmus , (8) ataxia an 
adiadokokinesia, and (9) bilateral Babmski reflex and bilateral ankle clonus 
A right cerebellopontile tumor was completely removed on July 16, 1926 ^ 

facial nerve was sacrificed Fourteen months later an examination for taste nia ^ 


by one of us (W E D ) showed 

Sugar 

Salt 

Acid 

Bitter 


Right (Affected Left, 

Side), Seconds Seconds 

0 3 

0 Instantly 

0 Instantly 

0 Instantly 


Sensory examination of the fifth nerve showed slightly diminished acui y^^^ 
pin prick Sensation for heat and cold was normal and equal on the two s 
There was no evidence of disturbance of the glossopharyngeal nerve 

Summaiy — This group offers the positive side of the taste 
In every instance all forms of taste were immediately and 
abolished when the facial nerve was divided intracranially 
fore IS conve3^ed to the brain stem from the geniculate ganglion y 
intracranial portion of the facial nerve (the nerve of Wns 
far as is known, these are the only pure experimental lesions 
intracranial portion of the facial nerve 
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In the last four cases of this group the lesions were not pure, for 
some impairment of trigeminal sensation persisted This ^^as due to 
stripping the tumor from the sensor}' root of the trigeminus The 
results, however, were identical with those for the pure lesions of the 
ner\e as represented b} the first fiA’^e cases of the group 


GROUP V PURE SEVENTH NERVE LESIONS (PERIPHERAL) 

Case 1 — K young girl, aged 17, was operated on for mastoid at anotlier clinic 
eighteen months before w'e saw' her Since the operation there had been complete 
facial paralysis on the corresponding side No other cranial nerves were affected 
Sensation over the trigeminal and glossopharj ngeal areas was normal 

A test for taste, made by one of us (W ED) eighteen months after section 
of the facial nerve, ga\e the following results 

Right (Affected 


Side), Seconds Left 

Sugai 0 Instanth 

Salt 0 Instanth 

Acid 0 Instanth 

Bitter 0 Instanth 


Case 2 — A well nourished man, aged 24, was operated on for chronic mastoid 

infection at another hospital ten months before we saw him Since the operation 

the facial nerve has been totally paralyzed There has been no loss of function m 

the trigeminal or glossophar\ ngeal areas Hearing is still intact 

An examination for taste made bj one of us (W ED) ga^ e the follow ing 

results r ^ 

Left (Affected 

Side), Seconds Right 


Sugar 

0 

Instanth 

Salt 

0 

Instanth 

Acid 

0 

Instanth 

Bitter 

0 

Instanth 


Case 3 — In a w'oman, aged 30, ten da>s before she came under our obser%ation 

there was sudden complete paraljsis of the facial muscles on the left side during 

the night There had been a prodrome of pain in the mastoid region for thirh-si\ 

hours before para^sis de^ eloped No other cranial ner\es were affected Hearing 

w'as normal The trigeminal and glossophar\ ngeal sensor\ domains were normal 

A.n examination for taste made b\ one of us (I\ ED) ten da\ s after the 

parahsis gave the following results r, , . rr .3 

Left (Affected 



Side), Seconds 

Right 

Sugar 

0 

Instanth 

Salt 

0 

Instanth 

Acid 

0 

Instanth 

Bitter 

0 

Instanth 


C/vsE 4 — \ man aged 54, had an injur\ to the head fiitecn months before ve 
saw him He was unconscious for twehe hours after which consciousness 
gradualK returned There was no weakness oi either arm or leg alter the accident 
and no disturbance of speech his hearing was normal in both ears Sensation oeer 



9. V. V 


'll ta 1 

- to 

t- ^ ! 

H O 

p" I 

^ se 

i°s 

2 1 1 

'^11 
^ CO ^ I 
•M I 
^ 2 
^ S 1 

H I I 

O tHi ^ 

5 ^^^ -_ 


£$55 

^ ^ iiii 1=11 ifii iiii mi |ll| nil 

111! 1111 nil Ills Mill bibb SSSS 

-sll “-iSSS o.ot-o 

= — “““ 


oooo =ooo o = 


,c oco^ 


; = <= 000 = 


^ V 
U ^ O "3 

u ^ c; c3^'3+^ tnis r,'*^ acs'iiS 

. u S ^-3S 

lie-S Ills S5-.5 . 


o r « 
° a o 
w 2 c 
*i d S 

?n 

{« =. W 


r&sl 

i.g^« 

11 o'* 

3 £ 


O ; 
w ej f 

oO S'* 

gaSU 
•W fi -K 
§'^S5 

J « h s 

Qj ^ 

^ j: c 

tfiw 


VsJ S 


(j 

4^ C _ 

»-< o S 

"= a 
01 c! U 
ii o* 

' t- 


ii2 o 
"oE 

m»2 

S y'“_. 


2 o'- 

«>t ^ O 

'•'SS 

2ie3 

*0^0 


«>• ro 

X U4 

3 2 0 
=5oB 

*-• ^ 
ti2o 

5-0.=^ 

ys att^c 
rpation 
tumor 

»3 p.3 


c3 r3M-< 

S^ 0 

£l IS**-* 

op 0 
^ 0) 

jy 

c^ 0 
r-t 



*H 2 o r 1 0 

^•^§ S"o2 

«S.§ 2^^§5 


>* / O r' 





LEWIS-DAAWY— SENSATION OF TASTE 


279 


the trigeminal and glossopharyngeal areas was normal There had been complete 
paralysis of the left side of the face since the accident 


An examination for taste, made by 

one 

of 

us fifteen months after the accident. 

ga\e the following results 



Left (Affected 

Right, 




Side), Seconds 

Seconds 

Sugar 



0 

20 

Salt 



0 

0 

Acid 



0 

5 

Bitter 



0 

30 

Case 5 — A 3 ’'oung girl, aged 15, w’as operated on at another clinic for chronic 
mastoid infection of six j^ears’ duration Follownng the operation, twelve months 
before w^e saw her, she had complete paral 3 "sis of the right side of the face No 

other cranial nerves were affected 





A test for taste made b 3 ’' one of us 

(W 

E 

D ) at this time 

gaae the following 

results 



Right (Affected 
Side), Seconds 

Left 

Sugar 



0 

Instanth 

Salt 



0 

Instanth 

Acid 



0 

Instantl 3 

Bitter 



0 

Instanth 

Case 6 — A 3 'outh, aged 18, w'as operated 

on at anotiier clinic for a chronic 

mastoid infection of ten 3 ears’ duration 

The operation was performed se\en 

months before the patient came under our observation 


Tests for taste made by one of us 

(\V 

E 

D ) at this time 

ga\e the following 

results 



Right (Affected Left, 




Side), Seconds 

Seconds 

Sugar 



0 

5 

Salt 



0 

20 

Acid 



0 

3 

Bitter 



0 

7 

Case 7 — A -louth, aged 16, was 

operated on at anotiier 

clinic for chronic 

mastoid infection of two i ears’ duration 

An operation was pertormed three 

months before w'e saw^ the patient 





A test for taste made b^ one of us 

(W 

E 

D ) at that time 

ga\e the following 

results 



Right (Affected 
Side), Seconds 

Left 

Sugar 



0 

Instanth 

Salt 



0 

5 seconds 

Acid 



0 

Instanth 

Bitter 



0 

Instanth 


Case S — A large, robust, well nourished man, aged A7, was referred b\ 
Dr r C Schreiber, of ^^'^ashl^gton, D C lor treatment lor Meniere’s disease 
One eear before examination, when he awoke and raided his head to get out o 
bed he telt dizze and aonnted but had no iiaU'Ca For three da\' tins dizzii’e” 
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persisted and prevented him from getting out of bed Every time he moved, the 
dizziness was intensified and frequently caused vomiting After the third day he 
was able to get out of bed, but still remained more or less dizzy for three weeks, 
at which time the attack had entirely cleared Four months later he had another 
attack, almost exactly similar to the previous one This attack lasted one week 
Six months after the first attack, partial deafness appeared in the left ear and, at 
the same time, tinnitus , both the deafness and the tinnitus came on suddenly during 
an attack of dizziness 

The neurologic examination showed partial deafness of the left ear, staggering 
gait and a positive Babinski reflex on the left side The diagnosis was Meniere’s 
disease 


On April 12, 1927, section of the eighth nerve, left, was performed The facial 
nerve was accidentally injured, producing complete facial paralysis, for which a 
spinofacial anastomosis was done later 

The results of an examination for taste made by one of us (W ED) after 


the operation were as follows 


Left (Affected Right, 


Side), Seconds Seconds 


Sugar 

Salt 

Acid 

Bitter 


0 

0 

0 

0 


0 

5 

5 

10 


Summary — The results of these cases will clear any doubt which 
may yet remain that the facial nerve conducts sensations of taste from 
the point of union with the chorda tympani nerve with the geniculate 
ganglion The results shown m gi oup 4 indicate that the sensations of 
taste are conducted by the choida tympani through the nervus inter- 
medias, which represents the sensory portion of the seventh nerve of 
the gustatory nucleus in the pons 


SUMMARY OF RESULTS IN THE ENTIRE SERIES OF EXPERIMENTS 


In this series of experiments on man, made after intracranial divi 
Sion of the different nerves presumably concerned with taste, severa 
facts have been determined Intracianial division at the brain stem o 
the glossopharyngeal nerve or of the sensory root of the fifth nerve 
or of both nerves is not accompanied by permanent loss of taste to i 
anterior two thirds of the tongue Total loss of taste on the 
two thirds of the tongue invariably follows intracranial division o t ^ 
seventh nerve (at the pons) or of the peripheral portion at any poi^^ 
between its exit from the pons and the geniculate ganglion, from w n 


point the fibers pursue a separate course ^ 

At times there may be a temporary loss or diminution in 
taste following operations on the gasserian ganglion or 
root of the fifth nerve, but later taste returns to normal 
taste, with subsequent return, has been noted by Koster an 
after operations on the gasserian ganglion They assumed that a 
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neive had taken ovei the function of conducting sensations of taste in 
these cases It seems improbable in the piesent cases that another nene 
will assume the function of conducting the sensation of taste We have 
no expel imental or clinical obseivations which will warrant such an 
assumption 


STUDIES ON A PATIENT WITH MULTIPLE, SMALL METASTATIC 
TUMORS OF THE CRANIAL NERVES 

Despite the untrustwoithiness of the gustatory changes produced by 
pi unary or secondary tumoi s involving nei ves conducting sensations of 
taste, the case about to be recorded is diffeient from those which have 
been reported It is included in this paper only because the changes 
in taste weie so closely and definitely^ associated with loss of function 
of the seventh neive occuiimg fiist on one and then on the other side 
At autopsy many tiny, disci etc, secondaiy melanotic sarcomas were 
found in and along the neives of the cauda equina, and a few nodules 
in the cranial nenes on both sides (fig 5) 

Each nodule was so small that the tumor could cause only local 
destruction of the nerve involved, and could not press on adjacent 
cranial neives Moieovei, the loss of taste occuiied dining the stay 
of the patient in the hospital and coincided exactly with the loss of 
function of the facial neives 


A young man, aged 25, was under observation in the hospital over a period of 
three months When first seen, his mam complaint was referable to the cauda equina, 
but a peripheral facial paralysis was also noted on one side In the early stages, 
the right facial paralysis was the only sign of intracranial disturbance Taste was 
entirely lost over the anterior two thirds of the tongue on the right side It was 
unaffected on the left side Sensation, including the corneal reflex, was norma 
over the area of distribution of both fifth nerves The action of the masseter, 
temporal and pterygoid muscles was unaffected After a few weeks, paralysis o 
the left facial muscles began to develop Within ten days this became comp £ 
the typical mask appearance of bilateral facial paralysis developing Coinci en L 
taste was lost on the left side Loss of taste was noted over the anterior two t 
of the tongue on both sides, though neither trigeminal nerve was as ^ 

Some time later, some involvement of the right trigeminus was noted 
this gradually progressed, it never became complete The left 
unaffected Toward the end, the auditory, glossopharyngeal and vagus 
gradually affected Total deafness finally ensued Dysphagia was soon o owe 
total inability to swallow 


CONCLUSIONS 

We find no evidence to support the theory that a 
supply conducts the sensations of taste, as first advanced y ^ 
and more recently sponsored by Harris who accepted a 

tomic demonstration that the fifth, seventh and ninth nerves 
common gustatory nucleus in the pons 
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Fig 6 — Pathway of taste from the anterior two thirds of the tongue as 
determined by our observations after intracranial division of the fifth and seventh 
nerves (Lewis and Dandy) This pathway was first suggested by Lussana 



we believe to be from the tongue through the chorda tympani to t le^^ (ractii= 
thence directly through the geniculate ganglion and nerve of Wns erg 
solitarius in the pons 
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PAINFUL POSTOPERATIVE ABDOMINAL SCARS* 
FREDERIC W BANCROFT, MD 

I«E\\ \ORK 

A considerable numbei of patients complain of postoperative soie- 
ness in the region of then scars, often of enough severity to interfere 
with the pursuance of then daily routine Some of these conditions are 
often diagnosed as postopei atn''e adhesions Frequently, at secondary 
exploiation, insufficient pathologic change is found to account for the 
s} mptomatology A diagnosis of neui asthenia may be made as a result 
It IS my opinion that a certain numbei of these cases may be due to 
neuromas in the abdominal scai 

The literature m regard to neuiomas or neuiitis of the abdominal 
scars IS scant, and it seems of sufficient impoit to review what literatuie 
theie IS and to repoit four cases which tend to show that this condition 
IS more prevalent than is generally believed 

The microscopic proof of this lesion is extremely difficult, as the 
nerves traversing the scar tissue are extremely small and their identi- 
fication m the excised tissue almost impossible 

The assumption that the symptoms and pathologic change in the 
four cases mentioned subsequently were due to neuroma or traumatic 
neuritis of the lower thoracic nerves is based on the following data 

1 In thiee cases the injection of procaine hydrochloride into the fascia 
of the right rectus muscle relieved the pain for various periods of time 

2 The patients in thiee cases w^ere relieved from symptoms by excision 
of the scar tissue en bloc without opening the peritoneum In the fourth 
case the peritoneum was opened to inspect the abdominal viscera, and 
there was insufficient pathologic change in the peritoneal cavity to 
account for the patient’s symptoms 3 The peripheral pain in amputa- 
tion stumps has been definitely shown to be due to neuroma, and the 
microscope has confirmed this diagnosis 

As the process of lepair, with contraction of scar tissue and injur} 
to neives, is similar in amputation stumps and in abdominal scars, it is 
reasonable to assume that postoperatne pain in the abdominal wound 
ma} therefore be due to neuroma 

In Older to refresh the memory ^n account of the anatom} of the 
low^ei six thoracic ner\ es IS gn en (fig 1) 


"^Submitted for publicition. Tan 29 1930 
Read at the Southern Surmcal A.s‘;ociation meeting Dec 12 1929 
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ANATOMY OF TIIE LOWER SIX THORACIC NERVES 

The seventh, eighth, ninth, tenth and eleventh thoiacic nerves differ 
from the uppei thoiacic neives onl}^ in legard to a part of their course 
and distribution Each has the same couise and communications as 
the pieceding neives in the thoiacic wall In addition, these nerves 
have a fiiithei couise and distnbution in the abdominal wall Each nerve 
traverses its intei costal space m the wa) described At the anterior 



Fig 1 — Diagrammatic sketch showing abdominal distribution o t 
SIX intercostal nerves Note that the external oblique and the interna 
muscles have been removed 


end of the space, the nerve pierces the attachment of the diap 

the tiansvei sails abdominis muscles to the costal cartilages, an ^ 

forward in the abdominal wall between the transveisalis an 

internus muscles The nerve then passes between the 

and the posterior la3'er of its sheath, and eventually reaches ^t 

abdominal wall and becomes cutaneous by the piercing 

Itself and the anterior layer of its sheath 
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Miisciilai Blanches — The lower intercostal nerves supply the inter- 
costal muscles of the spaces in which they he, and in the abdominal wall 
they innervate the transversahs, obliqui and rectus abdominis The 
branches arise from the mam trunk as well as from the lateral and 
anteiior branches 

Cutaneous Blanches — The cutaneous branches are lateral and 
anterior The lateral blanches divide into anterior and posterior parts, 
and, becoming superficial along the line of interdigitation of the obhquus 
externus muscle with the serratus magnus and latissimus dorsi, they are 
directed more obliquely downward than the lateral branches of the 
higher intercostal nerves, and are distributed to the skin of the loin as 
low down as the buttock The lateral branch of the eleventh nerve can 
be traced over the iliac crest 

The anterior branches are small That of the seventh nerve inner- 
vates the skin at the level of the ensiform cartilage The eighth and 
ninth appear between the ensiform cartilage and the umbilicus, the 
tenth nerve supplies the region of the umbilicus, and the eleventh the 
area immediately below the umbilicus 

The cutaneous branches of these nerves, including the posterior pri- 
mary divisions, thus supply continuous belts of skin, which can be 
mapped out on the body from the vertebral column behind to the middle 
line m front These nerves aie not placed horizontally but tend to be 
drawn downward as the series is followed from the upper to the lower 
nerves 

The twelfth thoracic nerve is peculiar m its course and distribution 
It emerges below the last rib and passes outward and downward in the 
posterior abdominal wall under cover of the psoas muscle, and between 
the external arcuate ligament and the quadratus lumborum muscle, it 
pierces the transversahs muscle, and courses forward m the interval 
between it and the obhquus internus as far as the sheath of the rectus 
muscle After piercing the posterior layer of the sheath, the rectus 
muscle and the anterior layer of the sheath, it terminates by supplying 
the skin of the anterior abdominal wall midway between the umbilicus 
and the pubis The branches of the nerve are the muscular, to the 
transversahs, obhqui, rectus and pyramidalis muscles of the abdominal 
wall, and the cutaneous, two m number — an anterior terminal branch, 
which supplies the skin of the anterior abdominal wall midway between 
the umbilicus and the pubis, and a large lateral cutaneous (iliac) 
branch, which, passing obliquely downward through the lateral muscles 
of the abdominal w'all, becomes superficial above the iliac crest about 2 
inches behind the anterior superior spine It supplies the skin of the 
buttock as far down as a point below and in front of the great trochanter 
of the femur 
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The twelfth thoiacic neive, in man}^ cases, receives a communicating 
branch from the eleventh, near its origin, and still more frequently 
sends a fine bianch to join the oiigni of the first lumbar nerve in the 
psoas muscle It ma}'- communicate also with the iliohypergastnc nerve, 
as they he together in the abdominal wall 

When a neive is cut completely or in pait, the neuraxes start to grow 
in a straight line, if then giowth is not mtenupted At the same time, 
however, there is a conti action of the scai tissue in the periphery of the 
scar, so that frequently thwai ted neuraxes try to force their way through 
the seal tissue and twist tlieinselves into spirals and corkscrew-hke 
bodies They aie called peiioncito fibnls 

Jagei and Tiaum studied this piocess of neive regeneration in man 
in about fifty opeiative scais, mostly lapaiotomy scars, using more 
than 1,000 histologic sections The piocess of nerve i egeneration, as 
found in these studies, was as follows 

Degeneration resulted often from section of the nerve fibers at operation, and 
degenerative changes are eiident in the nerve fibers in the first few weeks post 
operative In a four weeks old scar, liowe\cr, tlic products of nerve degeneration 
had disappeared Nerve elements m a scar of this age were not demonstrable m 
the stratum papillarc or rcticularc as a rule, but in the tela subcutanae there 
were thin nerve fibers, usuall}' grouped in bundles, extending to the epithelium 
Other fibers followed the course of the arterioles and capillaries m the scar tissue 
In older scars the nerve fibers advanced into the epithelium, and in scars ten or 
twelve weeks old had reached the stratum papillare As they advanced the fibers 
tended more and more to show dichotomous division with the formation of co 
lateral processes, which often anastomosed with neighboring fibers Most of t e 
nerve fibers in the scar tissue showed no medullary substance No tendency to 
form encapsulated end corpuscles was observed m scar tissue The nerve en mg 
were primitive in type 

These authors, however, did not study the nerve repair in the deeper 
layers of the scai 

Quam and Eggers, in a review^ of painful scars observed 
routine examination of recruits for the ai my, found that pain 
about an abdominal scar, often deep seated oi radiating to the bac 
observed in a certain percentage of cases in a military hospital 
described several types of cases in which opeiations revealed eitier i 
or adhesions beneath the rvound They also stated that there 
type of painful scar which they were not able to demonstrate c ea^ 
this senes of cases — cases in which nerve fibers are caught in 
and produce pain To prove this condition, a local anesthesia^c^ 
injected into the abdominal zone containing the nerves leading 
and in the positive cases all pam will cease Excision of t e s 
bring about a cure on 

In 1924, Marshall Clinton read a paper before t e 
Surgery of the American Medical Association, entit e 
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Neuritis as a Cause of Abdominal Pain ” Clinton claimed that the 
lower intei costal nerves, particulaily the eleventh and twelfth, as they 
pass beyond the tips of the last few ribs, are frequently susceptible to 
trauma He claimed that the commonest cause of injury of the eleventh 
and twelfth nerves is by repeated squeezing of the nerve between the 
tips of the rib and the wing of the pelvis This particular trauma is 
found m short-waisted persons oi in those who have an unusually long 
eleventh or twelfth rib The pain is characterized by being of a tooth- 
ache type, accentuated in the morning when the patient arises and bends 
over The pressure under the tip of the eleventh or twelfth rib will 
reproduce this pain The pain ma)'^ also be produced by setting the 
patient in a chair and bending him to one side, then forward, and to 
the othei side, which will start the pain as soon as the nb impinges on 
the edge of the wing of the pelvis The relief, Clinton stated, is simple 
and immediate The end of the offending nb should be dissected for 1 
inch, and with it the underlying nerve tiunk Gioss specimens show a 
neuioma-hke swelling in the nerve trunk at the point of injury 

Corbett reported three clinical cases in which the condition was 
diagnosed by him as neuroma in postoperative cases In the fiist case 
the patient suffered almost as much pain aftei nephiectomy for multiple 
stones as before Neurologic examination showed a disturbance of 
sensation along the course of the ilio-inguinal nerve A second operation 
1 evealed the fact that the nerve had been ligated, with the accompanying 
artery, and at the point of ligation a lateral neuroma had formed Cut- 
ting the neive completely relieved the patient’s pain In the second case 
there was pain in the distribution of the eighth dorsal neive following 
lesection of the nb and drainage for empyema At a second operation 
a neuioma of the eighth nerve was found, which had apparently been 
caused by the sharp end of the cut nb impinging on the intercostal 
neive The third case was that of a patient vith pain m the scar after 
an opeiation foi benign tumor of the breast 

Coibett stated that in making a diagnosis of neuroma, tlie following 
points should be kept in mmd The pain m amputation stumps is 
referred to some pait or parts of the missing limb, and m abdominal 
cases It IS apt to be referred to the distiibution of the imohed nerve 
If section of the nerve is complete the area of cutaneous distribution 
will exhibit anesthesia If the duision is partial, hyperesthesia and 
hjperalgia occur m about the same place The neuroma itself is tender 
on pressure Palpation sends sharp shocks of pain along the course of 
the nerve, and occasionally the neuroma ma\ be felt He stated that 
neurologic examination may reveal lesions of the nene m patients pre- 
senting themsehes for reoperation for adhesions 

I am unable to find atn satisfactori reference in the foreign literature 
in relation to this condition 
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The following foui cases are lepoitcd, as I believe that if this condi- 
tion IS bi ought to the attention of sui geons, many more cases will be 
detected 

REPORT or CASES 


Case 1 — S L , aged 30, a nurse, was operated on Oct 26, 1920, for chronic 
appendicitis A right rectus incision was made On the third daj following 
operation she had so much pain in the abdominal wound that one of the clips 
was removed As soon as she was up and about, she began suffering pain to 
the median side of the scar 1 his pain was steady, but became much worse when 
she became tired or nervous The pain was so severe that in 1923 she reentered 
the hospital for observation During ibis time sbe had some pain and rigidih 
m the region of the scar, associated \\ ith occasional vomiting She lost 15 pounds 
(6 8 Kg ) in weight While in the hospital her condition was thoroughly studied, 
and roentgenograms of tlie gallbladder and gastro-mtestmal tract were made, as 
well as gastric analysis and one duodenal pocket It was thought that she might 
have some disturbance of the gallbladder After leaving the hospital she was 
able to be up and about, but the pain still persisted — so much so that she tool 
about 30 grams (1 87 Gm ) of acctvlsalicjhc acid and from 10 to 15 grains (065 
to 0 97 Gm ) of soluble barbital, U S P , or some similar preparation a da}, 
in order to be able to keep on m her work She had a second severe attack in 
April, 1925 At that time she had some nausea and vomiting, and tenderness m 
the region of the scar, with some spasm of the rectus muscle At this time an 
exploratory laparotomy was done, through a median incision There were no 
adhesions beneath the scar One small omental band went to the appendiv stump 


This omental band was freed The tubes and ovaries and the rest of the viscera 
were normal on palpation and inspection When the patient left the hospitaj 
however, the pain still persisted, and she was unable to return to work n 
November, 1925, seven months after the exploratory laparotomy, I decided that 
she must have a neuroma, on account of the marked tenderness localized at tie 
mesial side of the scar It was decided to inject procaine hydrochloride to 
determine whether the pain would be relieved thereby No relief was fe t on 
injection of procaine hydrochloride into the skin or subcutaneous fat, 
injection into the deep fascia, almost immediate relief from pain was noted 
relief persisted for about three days, when the pain gradually recurred ^ ^ 
fore in November, 1925, the patient was sent to the New York Hospita , 
resection of the abdominal wound, fat and fascia en bloc, down to the ’ 

was performed Care was taken not to ligate any nerve that might 

a blood vessel A specimen was sent to the laboratory to determine 

neuroma was present, but unfortunately it was left to dry, and hence no 
tory examination could be made The convalescence was uneventful jo 

time the patient has had no recurrence of the former pain, and has 
do severe nervous and physical work without losing a day She has 


of the former nausea, vomiting or abdominal pain ^ ^ 

Case 2 — R C, aged 31, was admitted to the Fifth Avenue had 

20, 1928, complaining of colicky pain m the right upper quadrant 
no nausea or vomiting Eight years previously she had had an gnd 

through a right rectus incision The pain was m the region o ^ ^ 
was exaggerated by the intake of food and by cathartics, and re and 

by rest The patient had had some symptoms suggesting 
pyelograms showed a moderate dilatation of the pelvis of t e ixeski 

There was no definite evidence of stricture On examination a 
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abdominal scar was felt, with no evidence of hernia There was definite tender- 
ness on pressure to the mesial side of the scar at the upper angle As the tender- 
ness was so constantly marked in the region of the scar, and as the onset had 
occurred about one year following the previous operation, it was thought advis- 
able to inject procaine hydrochloride into the fascia at the wound One-half per 
cent procaine hydrochloride was used After injection, the pain was completely 
relieved for two days Operation was performed on February 29 An elliptical 
incision w'lth scar tissue down to the peritoneum was made A dermal suture 
was placed over the upper angle of the excised scar for identification in the 
laboratory After excision of the scar, the peritoneum w'as opened and the 
abdominal cavity inspected There w'as some adhesion of the omentum to the 

old scar The gallbladder was palpated It w^as thin and emptied easi^ The 

kidney was palpated and seemed to be about normal m size, and no thickening 
could be felt m the region of the pelvis The kidne> could be moved only about 

1 inch in a vertical direction The uterus and ovaries were normal The 

abdominal wound was then carefully closed in layers, care being taken to avoid 
clamping any nerves in the mass 

The pathologic report by E S Jessup was as follow's Section of the scar 
at the point indicated showed dense fibrous tissue and congestion of the vessels 
No nerve tissue could be recognized, except a few small bundles near some blood 
vessels 

On June 10, 1928, the patient reported that the pain m the right lower quadrant 
had disappeared since operation, and that she could w’ork w'lthout any handicap 
She had lost the pain over the right hip, had gained 10 pounds (4 5 Kg ) in 
weight and was not constipated She had no complaints 

On July 9, 1929, however, the patient complained of pain m the scar and a 
return of the original symptoms, which had become more marked She stated 
that the pain was located m the upper angle of the incision, was tender on pres- 
sure and was made worse by coughing Examination of the scar showed a large 
keloid, which was tender on pressure at the upper angle 

Comment — This patient had been treated for a hydronephrosis on 
the right side due to the pain in the back, while a pyelogram showed only 
a slight deformity While the patient w'as in the hospital, the differential 
diagnosis between ureteral stricture and neuroma was discussed by the 
urologic and surgical departments At the first follow-up, six months 
after operation, the patient’s condition was satisfactory, and she w^as 
free from pain A year later, however, she returned to the follow-up 
clinic wuth a keloid formation m the upper angle of the scar and pain 
in that region As the eleventh thoracic nerve supplies the region of the 
incision, reflex nerve stimuli from a neuioma might easil} be accountable 
for the pain she suffered in her back The return of her S3mptoms 
following a keloid formation w^ould seem to indicate that superficial 
fibiils coming from this nerAe had again become caught in this scar 

Case 3 — B W, admitted to the Lincoln Hospital on April 14, 1927, had been 
operated on for appendicitis m Alai, 1925 She complained oi pain in the incision 
not accompanied bj nausea , there w as no constipation The pain came on sud- 
denh, especiallj on exercise, such as walking up stairs 
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On ph-vsical examination there was tenderness superficially, which did not 
seem to be interabdominal The provisional diagnosis was neuroma On April 18, 
procaine hvdrochlonde was injected about the scar On the following day, the 
patient stated that the tenderness which she had complained of on admission had 
almost entirely disappeared A gastro-intestmal senes showed the stomach to be 
normal in si/e and shape and to be situated low in the abdominal cavity The 
duodenal cap was normal There were no filling defects or other abnormalities 
Examination after six hours showed the stomach to be empty and the head of 
the barium sulphate column just entering the cecum An examination after 
twenty-four hours showed that the transverse colon was situated low in the 
abdominal cavity, but no other abnormality was noted 

Excision of the abdominal scar was made on April 22, 1927 An elliptical 
incision was made excising en masse the firm scar down through the interior of 
the rectus muscle to the peritoneum The aponeurosis was then united with 
interrupted chromic and the skin with silk sutures, care being taken not to ligate 
any nerve accompanying a blood vessel 

/ 

The pathologic report was as follows Section consisted of connective tissue, 
several thrombotic blood vessels and many fat cells No nerve tissue was found 
The patient left the hospital free from pain, with a perfectly healed scar 
Uniortunately, there was no follow-up m this case 

Case 4 — F A, aged 16, was admitted to the Fifth Avenue Hospital in May, 
1929, complaining of pain in the right lower quadrant She had been operated on 
in this hospital sixteen months before for chronic appendicitis, and had made an 
uneventful recovery About three months after discharge she began to have pain, 
mostly in the region of the scar This was accentuated when she bent over, was 
more severe at times and was associated with vomiting The bowels were con- 
stipated The urine was normal One per cent procaine hydrochloride was 
injected into the scar and rectus sheath, which relieved the pain entirely for 
one day 

The scar from the former incision was excised with fusiform incision This 
was carried down to the fascia of the external oblique muscle, which was care- 
fully dissected to expose the scar The small scar m the external oblique was not 
over the region lateral to the rectus sheath, but was at the margin A small 
opening had been made accidentally in the anterior layer of the rectus sheath, and 
through this the region under the appendix scar was examined It did not show 
anj thing to warrant further exploration in the rectus sheath The aponeurosis 
of the external oblique was split m the direction of the fibers inward and outwar 
The only evidence of the deformed anatomic structures of the former operation 
was a little irregular fibrous band m the rectus sheath The outer flap of tie 
external aponeurosis was used to overlap the small defect made m the rectus 
sheath The wound was closed with interrupted chromic sutures, the pocket an 
fat with interrupted plain sutures and the skin with skin clips 

On Oct 20 1929, the patient was entirely symptom-free and had been fre^ 
from pam since the operation in May of that year The excision of the pain 
scar had entirel}" relieved her from all the symptoms The scar resulting no^ 
the second operation was ridged up and slightly wider than one would 
The patient evidently developed keloid readily, otherwise her general conj^^^^^ 
was good She was advised to use mercurial ointment on the scar everj 
night to determine whether this w'ould hav'e any effect 
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COMMENT 

Aftei a study of these cases, I am convinced that injuries to the nerve 
aie moie common in abdominal wounds than is generally recognized 
Moi cover one sees numeious cases of diminished tension of muscles 
when nerves have been cut While one does not see evidence of definite 
hernia, one does see lelaxed and atiophied muscles which must cause 
some functional mteifeience I believe that the methods of operative 
approach foi the abdominal ca\ity must be reconsidered The tendency 
has been to attempt to follow muscle planes, and frequently to sacrifice 
ruthlessly the accompanying nerves It is known that muscles heal 
kmdl}'’, even if cioss-cut, piovided theie is no infection It would there- 
fore seem that suigeons should readjust their ideas to attempt to place 
incisions so that they lun paiallel with nerves If this theory is adopted, 
how IS one to approach the abdominal cavity 7 The following sugges- 
tions are made 

I believe that, whenever possible, incision through the right rectus 
muscle should be eliminated from the surgeon’s armamentorium After 
several years spent in a follow-up clinic, I feel firmly confident that this 
incision IS inadvisable foi the following leasons 1 Percentage of 
hernias aftei a right rectus incision is higher than after most incisions 
2 Frequently weak wounds are encountered, wherein the portion ot the 
rectus muscle medial to the scar is paralyzed or at least inhibited in 
action 3 Injuries to the nerve are more apt to occur when this type of 
incision IS made In making a light rectus incision one frequently 
encounters the deep epigastric vessel There is usually a considerable 
amount of hemorrhage, and it is impossible to isolate the nerves going 
to the muscle, so that it is easy to place a ligature about both vessel and 
nerve Frequently hematomas lesult from the injury to the vessel, and 
in some cases definite thiombosis has been noted along the course of 
the vessel, extending as far as the femoral vein 

In the upper right rectus incision the transversalis fascia runs 
directly from the intercostal maigin to the mesial line as a well developed 
layer It is difficult to close this layer by sutures When the patient 
vomits or coughs, the spread of the ribs puts extreme tension on the 
suture line Tearing of the fascia is frequently the forerunner of a 
ventral hernia 

If the surgeon prefers an incision to the right of the median line, 
either for exploration or for a better approach to the appendix, the 
Kammerer modification seems preferable to the usual right rectus inci- 
sion When the lectus muscle has been diawn to the mesial side, the 
nerves can be easily identified and retracted up and down, so as to 
allow a satisfactoiy exposure Moreover, if it is necessary to sacrifice 
a nerve, it can be done under the e 3 '-e, so that no unnecessary ligature is 
placed about it In this type of incision, deep epigastric vessels are not 
encountered, and therefore there is less hemorrhage (fig 2) 



Fig 2 — The Kammerer incision The rectus muscle is drawn mesially The 
nerves may be seen entering the rectus muscle and can be retracted either upward 
or downward If more exposure is needed, they may be cut without ligation 



Fig 3 — Extension of right rectus incision (Kammerer) for exposure o 
gallbladder B'-B extension is parallel to nerves so that only one nerve is 


during exposure 
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Often the surgeon wishes to lemove an appendix, and at exploration 
finds pathologic changes in the legion of the gallbladder The problem 
then presents itself whether to enlarge the incision — with the possibility 
of a weak scar — or to close the lower incision and make a second one, 
with the resultant loss of time I suggest that if a Kammerer incision 
has been made, the wound may be extended by a high oblique incision — 
one parallel to the McBurney incision — which begins at the rectus sheath 
and ends at the ninth costal cartilage in the mammary line By this 
incision It IS necessary usually to cut only one neive, that at the upper 
angle of the Kammerer incision This nerve can easily be seen at the 
first incision, and can be cut without danger of ligating it with the 
accompanying vessel The extension of the incision runs parallel to the 
course of the intercostal nerves A satisfactory exposure can be obtained 
thereby (fig 3) 

Upper oi lower paramedian incisions aie satisfactory, because 
neither vessels noi nerves of any considerable accoilnt are encountered 

The McBuiney and the low Pfannensteil incision are ideally planned 
to avoid trauma to the nerves The Kocher incision for exposure of the 
gallbladder involves the iisk of injuring nerves, but less so than the 
right rectus incision 

Transverse abdominal incisions, extending either to or through the 
rectus muscles, are preferable to lateral vertical incisions, as fewer nerves 
are encountered and as cut muscles heal satisfactorily after suture 

CONCLUSIONS 

1 Injuries to the nerves in abdominal incisions followed by neuromas 
or neuritis are more prevalent than is generally recognized 

2 They are probably often produced by ligating a blood vessel with 
Its accompanying nerve 

3 In the cases reported in this article the right rectus incision was 
the procedure followed 

4 Diagnosis of neuroma may be made by testing out the sensory 
distribution of a nerve and by causing a cessation of the pain by 
temporarily blocking the nerve by injecting procaine hydrochloride In 
right rectus incisions this is accomplished by injecting procaine hydro- 
chloride beneath the fascia of the right rectus muscle 

5 Incisions for abdominal exposure should be planned to avoid 
trauma to the nerves Mass ligature of vessels m the vicinity of nerves 
should be carefully avoided 
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Mann/ in 1921, first reported the production of specific cholecystitis 
by the intravenous injection of Dakin’s solution (a solution of chlorin- 
ated soda) At that time, however, studies were not made on the 
emptying time of such acutely inflamed gallbladders, as there was no 
evidence to show that the gallbladder emptied Many attempts were 
made to produce chemical cholecystitis by the use of a solution of 
chlorinated soda subsequent to the discovery that the gallbladder emptied 
after the ingestion of a meal of fat, but because of variation in the 
commercial product, positive results were not attained In the light 
of present, recently acquired knowledge concerning the emptying of 
the normal gallbladder following a fat meal, I was prompted to deter- 
mine whether or not an acutely inflamed gallbladder empties, and to 
what extent such emptying occurs following the ingestion of a meal 
rich in fat 

METHOD OF STUDY 

In these studies on the production of specific cholecystitis by chemical means, 
as well as the effect on the emptying of such diseased gallbladders, dogs were 
used Pathologic changes were produced within the wall of the gallbladder bv 
the intravenous injection of varying amounts of eusol (a solution of boric acid) 
Animals were placed on a fast three to four days prior to operation, and explored 
four hours after the administration of a meal of egg yolk and cream Through 
a median line incision, direct observations were made on the degree of chole- 
cystitis and the site of the lesions in the gallbladder, as well as on the emptying 
of the viscus The latter data were substantiated by additional observations which 
will be discussed more in detail under the heading “Operative Procedures 
Finally the contents of the gallbladder were aspirated and an equivalent amount 
of iodized poppy seed oil, 40 per cent, was injected, care being taken not to soi 
the peritoneal cavity 

SOLUTION AND INJECTION 

Animals in good general condition were selected, without any special 
reference to age, weight, size or sex Although previous observations 
on the production of specific cholecystitis by chemical means in which 
Dakin’s solution was used had been made, there still remained certain 

Submitted for publication Sept 9, 1929 
*Work done in Division of Experimental Surgery and Pathology 
1 Mann, F C The Production by Chemical Means of a Specific o 
cjstitis, Ann Surg 73 54, 1921 
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disadvantages in connection with its use A solution of eusol originally 
piepared by the Edinburgh unit during the World War seemed less toxic, 
the margin of safety seemed greater, thrombosis of the veins was seldom 
encountered and hemostasis was more easily controlled than when 
Dakin’s solution was used The solution for injection is prepared by plac- 
ing 12 5 Gm'of sodium hypochlorite (chlorinated lime, Drackett) and 
12 5 Gm of crystalline boric acid in a large beaker in 1,000 cc of distilled 
water The solution is allowed to remain over night, is filtered once 
thiough filter paper the next morning and is ready for use after being 
warmed slightly to body temperature All injections were made into 
the jugular vein A definite dosage cannot be prescribed for each 
kilogram of body weight as an assurance of the development of inflam- 
matory lesions within the wall of the gallbladder, and experiment has 
shown that an animal receiving 30 cc for each kilogram of body 

Table 1 — Varying Amounts of Eusol Injected jot Pi oductwn of Diffeieut 

Degrees of Cholecystitis 


Doe 

Weight, 

Kg 

Eusol, Ce 

Cholecystitis, 

Grade 

Eusol, Cc 
for each Eg 
of Body Weight 

1 

235 

control 

control 

control 

2 

228 

440 (in 2 injections') 

1 

15 2 

O 

20 0 

400 (m 2 injections) 

1 

20 0 

4 

10 4 

243 (in 2 injections) 

2 

23 3 

R 

12 3 

200 On 2 injections) 

2 

16 7 

6 

205 

500 (in 2 'njeetions) 

S 

24 4 

7 

60 

250 (in 3 injections) 

3 

417 

8 

10 0 

90 (in 1 injection) 

4 

90 

9 

10 5 

135 (in 1 injection) 

4 

12 8 

10 

118 

320 (m 2 injections) 

4 

271 

ATerage 

14 8 

258 (in 2 injections) 

lto4 

19 0 


weight m one or two injections would be certain to reveal definite 
pathologic changes in the wall of the gallbladder However, such 
amounts are seldom necessary, and the risk is too great to chance 
invaliding the animal and thereby disturbing normal physiologic and 
metabolic processes Experimental data in this direction seem to indi- 
cate that an average of about 20 cc for each kilogram of body weight 
(table 1) would be a good index of the production of such lesions 
Furthermore, the rapidity with which the solution is injected into the 
circulation is significant Repeated observations have shown that eusol 
may be injected so slowly m very large quantities that changes in tissue 
are not produced, or so rapidly that the animal rapidly succumbs during 
the injection, with or without the production of any lesion of the gall- 
bladder Although It is not yet certain what the causative agents are 
in the production of such lesions of the gallbladder after the injection 
of eusol. It IS believed that calcium plays a much more significant part 
than does chlorine or its associated compounds 
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Positive results follow the injection of large amounts of eusol only 
after considerable experience in this direction There is without ques- 
tion an individual susceptibility, not only to the toxicity of the solution, 
but in the production of lesions within the wall of the gallbladder as 
well In one animal the lesions may develop after the admmistiation 
of 40 cc , whereas in another animal of the same weight sex, age and 
under the same conditions receiving 400 cc , lesions cannot be produced 
Experimental data have shown that the condition of the gallbladder 
may be prognosticated with a high degree of certainty, not so much 
with reference to the degree or grade of cholecystitis, as to the presence 
oi absence of lesions in that paiticulai oigan Likewise, as expeiimental 
data have accumulated on this subject, it has been shown that a high 
percentage of inflamed gallbladdeis can be produced by this method 
In the last ten animals injected by such measures, more than 80 per 
cent revealed lesions of the gallbladder, at least in some degree 

The specificity of Dakin’s solution for the gallbladder has been 
referred to repeatedly in the literatuie, and undoubtedly the same is 
true of eusol, as it is a modification of Dakin’s solution in which sodium 
carbonate is replaced by boric acid Nevertheless, one finds, occasion- 
ally, lesions elsewhere in the body, which may be explained by the 
injection of unnecessarily large amounts of the solution in an attempt 
to produce a severely inflamed gallbladder In this senes of experi- 
ments, however, operation showed that all gross pathologic changes 
within the abdomen were confined to the gallbladder 

OPERATIVE PROCEDURES 

The degree of cholecystitis at the time of exploration was estimated on the 
basis of grades 1 to 4 Cholecystitis graded 1 consisted of a few small hemor- 
rhagic lesions anywhere in the wall of the gallbladder, cholecystitis graded 2 
represented five or six such lesions, and cholecystitis graded 3 or 4 represented 
widespread hemorrhagic involvement of the entire wall of the gallbladder It is 
clear from this classification that although there are only slight variations between 
grades 1 and 2 or between grades 3 and 4, there are decided differences between 
grades 1 and 4 Various degrees of cholecystitis are represented in this series, 
including two each of grades 1, 2 and 3, and three of grade 4, so that 
observations have been made possible The series of ten animals was dm e 
into three distinct groups, between which only slight variations in the procedure 
were maintained (table 2) j 

The three dogs in group 1 were given intravenously 0 05 Gm of rose 
for each kilogram of body weight in a S per cent solution in distilled water e 
animals were then placed on a fast for from three to four days, during 
time the die was permitted to concentrate in the gallbladder Through a me lau 
line incision four hours after the ingestion of a test meal, direct 
Mere made of the lesions, with notations on the emptying of the 
The latter data ivere corroborated by exploration of the duodenum direct j a ov^ 
the entrance of the common bile duct and by noting any recent excretion o 
dye on the duodenal mucosa A sudden deposition of the rose benga 
the duodenal mucosa was easily recognized, and confirmed any contraction o 
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gallbladder that might have taken place It is reasonable to assume in this 
regard that four days were sufficient for the bile ducts to free themselves from any 
gross trace of the dye The duodenum was closed in two layers by the Connell 
suture method The content of the gallbladder was then aspirated, and an equal 
amount of iodized oil was injected The abdomen was closed in four layers m 
the usual manner, and the animals were returned to the kennels to recover from 
the effects of the anesthetic The fast was continued From siv. to eight hours 
later, roentgenograms of the gallbladder were taken, after which a second meal 
of egg yolk and cream was guen Roentgenograms were then taken at frequent 
intervals so that any emptying of the gallbladder might be observed 

In group 2 (three dogs), the procedure was the same, except that the dye was 

omitted and the duodenum was not explored Such a procedure would tend to 
eliminate any criticism that the motor activity of the duodenum and its nerve 
supply had been disturbed 

In group 3 were the remaining four dogs, including one dog which was used 

as a control The animals were treated as were those of group 2, except that 

the mixture of egg yolk and cream was omitted previous to operation, and roent- 


Table 2 — Observations m Thiee Groups of Animals Repi esentatwe of Vaitous 

Dcgiees of Cholecystitis 





Direct Observations 



Roentgen Observations 



Dat Meal, 



Gallbladder 

Cbole 

Pat Meal, 




4 hours 



Bile Aspirat- 

cys- 

Hours 




Previous to 

Rose 

Duodenum ed, Dipiodol 

tltis, 

After 


Group 

Dogs 

Exploration Bengal 

Explored 

Injected 

Grade Exploration 

Results 

1 

3 

4* 

+ 

+ 

+ 

1, 2,4 

S 

No emptying 

2 

3 

+ 



+ 

1, 3, 4 

s 

No emptying 

3 

3 and 




-1- 

2,3,4 

2i 

Slight emptying 


control 







m a case of 
cholecystitis, 
graded 4 


genograms of the gallbladder were not taken until twenty-four hours after explora- 
tion The slight variations within the last group would remove the possibility of 
any fatigue of the emptying mechanism of the gallbladder 

In most instances, the animals prior to operation lapped their meal of egg j'olk 
and cream vigorously and appeared like normal healthy animals If vomiting 
occurred that could not be controlled the animal was omitted from the study 
Occasionally, a dog had to be encouraged to swallow the egg yolk and cream 
This was accomplished either by inserting the tip of a syringe into the buccal 
fold or by slowly administering the contents bj' means of a small beaker The 
stomach tube was never resorted to for fear of its inhibitor}^ action on the 
mechanism of the gallbladder 

In every case following the administration of egg yolk and cream 
previous to operation, the absorption of fat was found to be good and 
the lymphatic channels, as well as the mesenteric l}mph nodes as far 
down as the ileum, weie well engorged This seems to indicate that 
the mechanism of absorbing fat had not been disturbed to any decided 
degree 

Such direct observations did not disclose evidence to indicate that 
contraction of the inflamed gallbladders might ha\e taken place follow- 
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mg the administration of the usual fat meal Exploration of the 
duodenum in group 1 has substantiated the observations, as rose bengal 
was ue\er seen on the duodenal mucosa The observations seem to 
indicate that contraction of the acutely inflamed gallbladder does not 
take place following the usual test meal 

An obser\ation made at opeiation included the, rather marked dis- 
tention of the gallbladder in all animals with cholecystitis graded 1 to 
3 inclusive It is estimated that the gallbladder was increased from 
a fourth to a thud of its normal size These observations seem to 
substantiate those of Bollman, Mann and DePage " made in 1925, in 
which they demonstrated that the concentrating function of the gall- 
bladder may be impaired or totally lost in the presence of an acute 
inflammatory piocess However, if cholecystitis was graded 4, the 
gallbladder was always found to be decreased in size from what would 
be expected from the size of the animal Nevertheless, on aspiration 
the bile did not appear to be thickened or as concentrated as in the 
normal animal Also, the biliary tract was found to be dilated in cases 
of advanced pathologic changes, although changes could not be detected 
about the cystic or common bile ducts That the ducts were patent has 
been confirmed repeatedly both at operation and at necropsy, by pressure 
on the gallbladder, as well as by histologic examination Even in the 
absence of serial sections, it is believed that obstruction to these passages 
was not present It may be noted that in not a single instance has 
jaundice been observed following the production of cholecystitis, even 
though animals have been observed as long as three weeks after the 
injection Therefore, it seems that the cystic and common bile ducts 
play little, if any, part in this pathologic entity, for at no time did the 
hemorrhagic exudate extend to that particular region In some of the 
more adr^anced grades of acute cholecystitis, the gallbladders were 
reduced in size from a sixth to a fourth the capacity of the normal 
gallbladder Bile could enter the cystic duct without difficulty, for m 
some instances of the more advanced grades of chemical cholecystitis, 
rose bengal was not administered until after the inflammation had been 
produced, and then there was no apparent difficulty in recovering the 
dye in high concentration from the lumen of the gallbladder From 
examination of gross as well as microscopic sections of such gall- 
bladders, it is difficult to understand how concentration of the bile could 
occur following such severe inflammation of the wall of the gallbladder 
The size and appearance of the gallbladders in cholecystitis graded 
may be explained, therefore, by the inability of the wall to expan 

2 Bollman, J L , Mann, F C , and DePage, P The Effect of Specif 
Cholecystitis on the Bile Concentrating Activity of the Gallbladder, T a 
Chn Med 10 544, 1925 
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further because of the severe inflammation rather than by any other 
peculiarities incidental to the condition 

PATHOLOGIC CHANGES AND COMPLICATIONS 

The pathologic changes following the injection of eusol are not 
much different from those described by Mann following the injection 
of Dakin’s solution Lesions of the gallbladder appear as small, sub- 
peritoneal hemorrhagic areas resulting from marked breaking of the 
capillaries and infiltration of the wall They vary in size from 1 to 
20 mm and are situated anywhere over the area of the gallbladder 
The wall appears to be thickened, indurated and more or less edematous, 



Fig 1 — ^Large areas of a hemorrhagic exudate with marked induration, edema 
and increased thickening of the wall of the gallbladder A hematoma may be 
noted at the fundus of the gallbladder 

with a generalized deep purplish discoloration besides the hemorrhagic 
areas (fig 1) The superficial vessels coursing about the viscus are 
always found to be dilated with frequent small areas of a hemorrhagic 
exudate along their route where the vessel has ruptured A microscopic 
examination confirms the gross observations by revealing large areas 
of hemorrhage In the less advanced cases of cholecystitis, the hemor- 
rhagic exudate is usually confined to two distinct layers the sub- 
epithehal layer between the mucosa and muscularis, and the penmuscular 
layer (figs 2 and 3) In such instances the areas are frequently so 
large and well circumscribed as to appear like a large blood lessel 
The connective tissue and muscle fibers are \\ell spread apart, gning 
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the appearance of marked mfiltiating edema In the more advanced 
cases, the exudate does not appear to be limited and is spread throughout 
the entire thickness of the wall extending from the subepithelial to the 
subserosal areas The mucosa has seldom, if ever, been found to be 
affected (fig 4) The wall of the gallbladder is always decidedly 
thickened, the extent of thickening depending on the degree of involve- 
ment In only one instance, in which many observations were made, 
has hemorrhage ever been encountered within the lumen of the gall- 



Fig 2 — A section through the wall of the gallbladder in mild cholecystitis. 
The hemorrhagic exudate is confined to two distinct layers , X ISO 

bladder In a few cases, small hematomas about 1 5 cm in diameter 
were found within the wall The livei appeared to be of the fasting 
type, with a moderate degree of fatty infiltration On microscopic 
examination, marked congestion was found The sinusoidal areas were 
engorged and distended with erythrocytes, and the cellular infiltration 
within the columns of cells was only slight 

Occasionally, in certain cases, numerous minute subpentoneal 
petechial hemorrhages were found at the base of the mesentery invoh 
mg the entire gastro-intestinal tract This maj’’ occur even m t e 
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absence of a lesion of the gallbladdei Maiked reactions of the gall- 
bladder were noted fifteen minutes aftei the injection of the solution 
into the blood stream 

The most common complication that may develop after the use of 
eusol, aside from acute toxemia, is edema of the lungs The lungs 



Fig 3 — A section through the wall of the gallbladder in serere cIiolec\stitis ; 
hemorrhagic exudate extends from the mucosal to the serosal areas, X 150 

become water-logged and large amounts of froth}' material are easil} 
expressed In two instances marked intra-abdommal hemorrhage vas 
found, which resulted from rupture of the large mesenteric ^e‘^scls 
However, hemorrhagic nephritis and hemorrhagic gastro-cntcntis so 
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frequentl} encountered after the injection ot Dakin’s solution have 
never been obseived following the injection of eusol Although there is 
little question that eusol is the more ideal as compared to Dakin’s solu- 



Fig 4 — A section through the wall of the gallbladder in moderate cholecystitis 
Absence of any involvement of the mucosa may be noted , X 500 



Fig 5 — ^The emptying of the normal gallbladder of the dog at frequent inter 
vals following the ingestion of a meal rich in fat, a, control, b, after five minutes, 
£, after fifteen minutes, d, after thirty minutes, e, after forty-five minutes, f, 
after one hour , g, after two and a half hours, and h, after three and a half hours 


tion for the production of such pathologic changes, it has been noted that 
the gallbladders are practically devoid of change from two to three 
weeks after the injection (fig 5) 
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ROENTGEN OBSERVATIONS 

The senes of animals was divided into three groups The first 
group included the animals which received rose bengal and were sub- 
sequently given a mixture of egg yolk and cream four hours prior to 
operation The duodenum was explored for any evidence of the dye, 
the gallbladder was aspirated and an equivalent amount of iodized oil 
was injected The animals were then given a second meal of egg yolk 
and cream from six to eight hours after exploration, animals that 



Fig 6 — A case of cholecj stitis graded 4, following the ingestion of a meal rich 
in fat Emptying of the gallbladder did not occur, a, control, b, after fi\e min- 
utes, c, after fifteen minutes, d, after thirtj minutes, c, after iort\-fi\e minutes, 
f, after one hour, g, after two and a half hours, h after three and a half hours, 
and 1 , after twentj-four hours 

appeared ill or that did not retain the fat meal were discarded Roent- 
genograms of the gallbladder were taken at fifteen to thirtj' minute inter- 
vals for from three and a half to four hours and in some instances e\en 
longer In no instance in the group of gallliladders v ith lesions graded 
1 2 and 4 was there an} eiident of emptiing (fig 6) Xeierthcless the 
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gallbladder showed tonic changes, as evidenced by its contour Fre- 
quently, two hours after the administration of the fat meal, the outline 
of the gallbladdei became decidedly spheiical, and its two linear dimen- 
sions approached one another This would seem to indicate that an 
attempt had been made by the musculature of the gallbladder to reduce 
Its content These tome changes, however, disappeared after from ten 
to twelve hours , the gallbladder then appeared normal but did not show 
evidence of haiung emptied It may be noted that the same cycle is 
also followed in the gallbladder of the intact animal, and one is able 
to prognosticate, from early observations of its contour following the 
ingestion of a fat meal (fig 7), whether or not such a gallbladder is 
likely to empty The original plan was to observe whether the gall- 



Nol- control NoZ-V/ihrs 




Fig 7 — A case ot cholec> stitis graded 2 at frequent intervals after the inges- 
tion of a test meal Tonic changes of the wall of the gallbladder may be note 


bladders emptied over a four hour period Some gallbladders were 
observed twelve, twenty-four, forty-eight hours and even a week after 
the lepeated administration of a meal rich in fat as well as a regular 
laboratory diet, and emptying did not occur This became all the more 
significant when it was found that after the injection of iodized oi 
into a normal gallbladder, the gallbladder emptied completely withm 
twelve hours after the animal had been placed on a kennel diet (fitjS 
8 and 9) 

The second group differed only slightly from the first group, an , 
although egg yolk and cream were administered before and after o 
operation, rose bengal was not given, nor was the duodenum exp ore 
in an} case The group included cholecystitis graded 1, 3 and 4 witiou 
other pathologic changes elsewhere in the abdomen In nholecysb^^i^ 
graded 3 and 4 there vas, as usual, no evidence of any emptying 
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cliaractcnslic change in the tonicity of the wall of the gallbladder 
occuried, as had been obsetved fiequently in other animals In a case 
of cholecN stitis giaded 1 in the group in which a few lesions were 
confined entiiely to the fundus of the gallbladder, it was found that 
one and a half houis aftei the ingestion of a meal rich in fat, a small 
amount of iodized oil had been forced out of the cystic duct and into 
the common bile duct Thiee houis later, ho\se\er, theie was only an 
accumulation Mithin the common bile duct of the iodized oil that had 



Fig S — Eniptjing of the normal gallbladder after the dog was placed on the 
regular Kennel diet a, control, b, after twehe hours 



Fig 9 — A case of cholec 3 'stJtis graded 3 The animal was placed on the 
regular kennel diet for one week without showing anj" evidence of emptjnng of 
the gallbladder , a, control , b, after one week 

previously been expelled Fuithermore, roentgenograms of the gall- 
bladder taken twenty-four hours later, after the animal had been on a 
kennel diet, showed that, although the gallbladder had completely 
regained its tonus, there was no indication of additional emptying It 
IS surprising in this respect how few lesions are necessary to interfere 
with the normal emptying mechanism in such gallbladders However, 
the degree, extent and site of the lesions m this instance maj^ easily 
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explain the obseivations It is not assumed that all normal gallbladders 
empty completely fiom three to four hours after the ingestion of a 
meal rich in egg yolk and cream any more than it is felt that all diseased 
gallbladdeis produced by such chemical means do not partially empty 
under such conditions It is assumed, however, that most normal gall- 
bladders will show at least some evidence of emptying after a fat meal , 
on the other hand, only one instance has been encountered wherein a 
diseased gallbladder as described ever showed evidence of emptying 
It must be remembered that occasionally cholecystograms are reported 
negative as regards lesions of the gallbladder, when at operation the 
viscus IS found to be completely filled with stones Although the analogy 
is only slightly divergent, the question of a dependable therapeutic test 
regarding the presence or absence of a lesion is closely akin, so far as 
the occurrence of ii regularities is concerned 

In group 3, cholecystitis graded 2, 3 and 4 was observed The 
animals were explored following the production of the lesions of the 
gallbladder, the bile was aspirated and an equivalent amount of iodized 
oil was injected Twenty-four hours later the animals were given a 
meal rich in egg yolk and cream, and roentgenograms of the gallbladder 
were taken at fiequent intervals thereafter Although there was no 
evidence of any emptying of the gallbladders in which cholecystitis was 
graded 2 and 3, there were observations in one case of cholecystitis 
graded 4 in which the gallbladder emptied slightly following the test 
meal 

SUMMARY 

The intravenous injection of varying amounts of eusol has resulted 
in the production of a high percentage of acutely inflamed gallbladders 
The effect of the specific chemical cholecystitis on the emptying of the 
gallbladder was studied in a series of ten animals Direct observations, 
as well as roentgenograms, were made of the diseased gallbladders 
following the administration of a meal rich in egg yolk and cream 
Only one instance has been encountered wherein an acutely inflamed 
gallbladder, produced by this means, has shown any evidence of empty 
mg The observations appear to indicate that the acutely inflame 
gallbladder does not empty after the usual test meal 



IHE MANAGEMENT OF GIANT CELL SARCOMA OF 
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RCPORT or A CASE WITH CbRH AFTER FIVE \EARS-f^ 

JOHN O BOWER, iMD 
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AND 

LEON DAVIS, MD 
run adflphia 

Bone tumors of the epulis type aie geneially consideied benign At 
limes howc\ei the giowth iinades the contiguous tissues, recurrences 
aie common, metastascs being repoited b}' Gross ^ Coley, ^ Stewart,® and 
otheis, cachexia is an accompaniment to extension and lecurrence (64 7 
pel cent in the cases reviewed) 

While these statements may be considered questionable by those who 
legard all tumors of the giant cell type as falling in one category, i e , 
the benign they aie apparently facts when considered in relation to this 
type of growth wheie it invades the vertebrae The following is an 
epitome of twenty-eight cases reported m the hteiature The average 
age of the patients was 22 2 years , 46 per cent were below the 
age of 20 and 80 per cent below 30 Sixty-five per cent of the 
patients %\ere males Tiauma was mentioned as a causative factor irt 
33 3 per cent Pain was severe at the site of the lesion in 55 per cent 
and was lefeiied m 33 3 per cent Paialysis of the lower extremities 
was present in 26 per cent, weakness in IS, anesthesia in 26, and 
abnormal leflexes in 33 3 per cent A mass was visible in 75 per 
cent, and kyphosis was piesent in 18 per cent The loentgen diagnosis 
was coriect in 41 per cent of instances, incoirect in 11, and in 48 per 
cent the loentgenographic repoit was absent in the piotocol 

There were eight deaths, in all, a mortality of 28 5 per cent , two of 
the patients who died were not operated on , of the twenty-four on 
whom operation was performed, six died, a mortality of 25 per cent 
Thiee patients died during the immediate operative period, two (cases 

'■ Submitted for publication, Feb 3, 1930 

'■ From the Department of Surgical Research and Pathological Department, 
Temple University 

1 Gross, quoted by Coley 

2 Coley, W B Ann Surg 79 321 and 561, 1924 

3 Stewart, M J Lancet 2 1236 (Nov 28) 1914 
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25 and 18) of hemoirhage and one (case 23) of infection, in three of 
the twent 3 ^-four cases in which operation was performed, there were 
recurrences at the time of death, in the two cases m which operation 
was not performed, metastasis developed 

RECURRE-NCES AND METASTASIS 

Rccia fences — There was a definite' history of lecmrence in eleven 
cases A follow-up recoid could not be found in fotii cases, and four 
othei patients had been under observation too short a*time to determine 
definitely whether or not recurrence would have taken place, the aver- 
age of the latter was seventy-six days In those cases in which opera- 
tion was pel formed, the minimum time between operation and the 
patient’s discharge from the hospital was twenty-three days and the 
maximum five months, an average of eighty-five days As there was 
a lecurrence m case 17 after four yeais and a definite recuirence in 
case 2 after four, and probably another after ten years, we believe that 
the four cases pieviously mentioned should not be included in estimating 
the possible percentage of recurrence If we deduct these eight cases 
and the three cases that proved fatal during the immediate opeiative 
period, theie is a percentage recurrence of 64 7 per cent (eleven of 
seventeen) 

Metastasis — ^While absolute evidence (micioscopic leport) that 
metastasis had taken place was wanting, a review of cases 8 and 9 
would seem to indicate that such was the case 

EVALUATION OF THERAPEUTIC PROCEDURES 

Exploration of Growth — In five patients, all of whom had lecur- 
rence, the growths were explored , two died as a result of the disease 
and one was unimproved, mortality, 40 per cent, recurrence, 100 per 
cent , unimproved, 60 per cent , cured, 40 per cent 

Incomplete Removal — ^This procedure was used in eleven cases with 
the following results five recurrences and two deaths, no impiove 
ment, one case, this shows a mortality of 18 per cent, recuriences, 45 
per cent , lack of improvement, 27 per cent , cures, 73 per cent 

Complete Removal — Complete removal was pei formed in five cases 
with the following results two deaths and three recuriences, yvit'i 
apparent recovery in the latter, this shows a mortality of 40 per cent, 
lecuirences, 60 per cent, cures, 60 per cent 

Complete Removal and Laminectomy — This piocedure was per 
formed in case 14 There was no history of recurience but the patien 
had not improved at the end of eighteen months 
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Compute Removal with Subsequent Implantation of Radium at 
Opeiativi Site — This piocecluie was used in case 12 The patient was 
well at the end of thice ye.us, with no recuirence 

A'o Attempt at Removal, JnseiUon of Radium Diiectly Into the 
Gi owth — In a case in which this type of procedure was followed, there 
weie no lecuiiences The patient was well at the end of five years 
(See case leport ) 

Eivsipelas and Pi odigiosia Tomiis (Coley’s) — This treatment was 
used 111 seven cases In cases 21 and 27 it was the only therapeutic 
agent used , both patients recovered and had no recurrences In five, 
it was used aftei partial removal of the giowth Three of the five 
patients had recurrences (cases 4, 5 and 20), but onl} one was not 
inipro\ed (case 5) 

CONCLUSIONS 

It would seem that we are justified m drawing the following con- 
clusions fioni the preceding review 

1 Giant cell tumors of the vertebrae should not be consideied benign 
as compaied with giant cell tumors of bone elsewhere 

2 While there is a tendency for them to regress normally they also 
possess the tendency to metastasize rarely, to recur commonly and to 
produce cachexia mvariabl} 

3 The proximity of the spinal cord and nerve roots inteifere with 
ladical measures (operation) In a percentage of cases the growth 
begins in the bod}'’ of the vertebra This makes complete removal 
impossible Regardless of where the lesion originated, removal is usu- 
ally associated with profuse hemorrhage, necessitating packing, which 
inci eases the possibility of infection 

4 Exploratoiy operation, curettage, partial or complete remo^al 
evidently stimulates these abnormal cells to further activity In over 
half of the cases (52 4 per cent) there weie local recunences 

5 Part of the high mortality is due to the improper intei pretation 
of the x-ray plate If the bodies of the v'ertebrae are affected, exten- 
sion of the disease is lapid, the intervertebi al disks are clear and early 
symptoms of a lesion of the transverse cord present themselves one 
should suspect a malignant condition 

6 The best treatment for this type of tumor is the insertion of 
ladium into or neai the giowth with as little trauma as possible Giant 
cells are peculiaily susceptible to the radium rays, the maximum and 
minimum doses are appended The closed method of operation should 
be used because of the possibility of infection 
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REPORT OF A CASE 

History — -N M , a woman, aged 20, had an unimportant family and previous 
history She first menstruated when 15 years of age Her menstrual periods 
were regular, at twenty-eight day intervals of five da>s’ duration, and painless 
There was no change m the character of the flow throughout her illness At the 
age of 17, while walking down stairs, she slipped, and in order to regain her 
balance she quickh threw her shoulders back This was accompanied by a sharp 
pain to the left of the lumbar spine, followed by a constant pain in this region, 
which was so severe at night that it interfered with sleep It was referred to 
the posterior and lateral aspects of the left thigh and muscles of the calf of the leg, 
and confined her to bed for seven days She stated that a lump appeared to the 
left of the lumbar spine about the size of a hen’s egg about two weeks after 
the supposed injury In October, 1924, after three years, she noticed that her 
left leg was much smaller than the right, and that she was unable to extend 
her leg and foot, this was associated with a feeling of numbness in the posterior 



Fig 1 — Before operation , the spinous processes of the second and thir 
lumbar vertebrae are displaced to the right, the oval mass is seen below ana 
to the left 

tibial region During the following month she consulted Dr L 0 Davis, who 
adiised a roentgen examination 

a d 20 

Physical Examination — Examination revealed an emaciated woman, age > 
who w'eighed 70 pounds The temperature was 986 F the pulse rate - 
Examination of the head showed no gross abnormalities The neck was norma 
The chest was poorly developed with limited expansion in the apex of the e 
lung but no abnormal pulsations The breath sounds were normal, 
questionable rales in the apex of the left lung The area of cardiac u nes^ 
w'as normal, the heart sounds were strong and regular, and no murmurs we 
present The abdomen was scaphoid, with no area of tenderness present, ^ 
the recti seemed to have plus tension No abnormal masses w'ere pa 
Inspection of the postdorsal and lumbar regions revealed a moderately promin 
oval-shaped mass to the left of the lumbar spine, about 8 cm in the 
direction and raised 2 S cm from the surface , it was firm and regular m 
line, apparently fixed to the spinous processes, and was not tender ’ 
oierhing the growth was of normal color and moved freely over tie 
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Fig 5 — May 22, 1925, four months after the first and three months after 
second radium implantation Note the increased density and diminution in the 
size of the mass 



320 


ARCHIVES OF SURGERY 


\ 



Fig 6 — June 21, 1928 three years and five months after the first implantation 







Data on Twenty-Btght Cases of Gtaiil 


Previous 


Reporter 

and 

History 

Age Trauma or 
and Tuber- 

Dura- 

tion 

of 

Referred 


Anes 


Case Helerence 

Sex culosis 

Pam 

Pam 

Paralysis 

tbesia 

Mass 

1 Manheimcr, F 

16 

Not men- 

Not men 

Lower 

No cord 

Not men 

Size ol a list at 

Beitr z kltn 

Chit 72 mi 

P 

tioned 

tioned 

extremi 

ties 

involve 

ment 

tioned 

level of second 
lumbar vertebra 

2 Sici Personal 

M 

Not men- 

Not men- 

Sciatic 

Not men 

Not men 

Pluctuatmg tumor 

coHiniunieation 
to Manheimer 


tioned 

tioned 

nerve and tioned 
left lumbar 
region 

tioned 

between iliac 
crest and twellth 
dorsal vertebra 
on abdominal 
side, mass had a 
bony capsule 

3 ^shurst 

14 

Not men- 

Not men- 

Not men 

Not men- 

Not men 

Right loin, 

reported by 

Dean Lems 

M 

tioned 

tioned 

tioned 

tioned 

tioned 

6 weeks' 
duration 

4 Hamer Bos- 

16 

History of 

Pam and 

Lower 

Weakness 

Loss of 

Size of hand m 

ton M & S J , 

1915, p tt 

M 

trauma, 

3 months 
before en- 
entrance to 
hospital 
patient fell 
striking 
spine 

> 

tenderness 

dorsal 
region 
and to 
occiput 

m right 
knee 

sen^^tion the snbco^tal 

over ex- region of the 

tenor and tenth dorsal 

anterior vertenra 

surface of 

Tight thigh, 

2 weeks 

5 Mi\ter 

31 

No history 

Girdle 

Not men- 

W eakness 

Anesthesia 

Not mentioned 

reported by 

Dean Lewis 

M 

of trauma 


tioned 

in legs, par- 
alysis with 
sphincter 
disturbance 
below fifth 
dorsal 
vertebra 

■ m legs, later 
below fifth 
dorsal 
vertebra 

S Pollis 

40 

Not men 

Not men- 

Not men- 

Not men 

Not men 

Fluctuating 
between the 
and twelfth dor 
sal vertebrae 

reported bv 

Dean Lems 

M 

tioned 

tioned 

tioned 

tioned 

tioned 

7 Kesmode) 

Am J Roent- 
genol 8 573, 1921 

43 

M 

No 

12 months, 
back not 
relieved 
by rest 

Pam m 
left leg 

Weakness, 
atrophy of 
left leg 

Not men 
tioned 

Not mentioned 

8 Basoh 

31 

Not men- 

No early 

Limbs felt 

Spontane 

8 months 

Fluctuating 
at tenth dor si 
vertebra 

Hygiea 84 7G9 
(Oct ) 1P22 

P 

tioned 

pam 

heavy and 
clumsy 

oub twitch- 
ing of legs 

after onset 
in abdomen 
and hips, 


graduallj 

progressing 



Cell Sat coma of the Pcitcbiac 


Ixiphocis 

Eeflex 

N Baj 

Oper ition 

Pc=t 

operative 

Irradia 

tion 

Patlio 

logic 

Beport 

Not men 
tioncd 

Negatiie 

Destruction of 
tr insacr=c pro 
ccss of second 
lumbar lertcbra 

'Iiimor lemovcd 
as thoroughlj 

IS possible 

Not men 
tioned 

Osteoid 
spindle cell 
sarcoma 
iiitli myxo 
matous 
areas con- 
taining 
giant cells 

Not men 
tioned 

Not men 
tioncd 

Distinct shndoM 
bctiiecn ihnc 
crest and 
tnclfth dorsal 

1 ertebra 

Paiti il leinoi il 
iiith no impioic 
ment, potassium 
arsenate given 
p itient tiell 

4 years later 

Not men 
tioned 

Giant and 
mixed cell 
fibrosar 
coma 

Not men- 
tioned 

Not men 
tioncd 

Iniohenient of 
fourth and fifth 
lumb ir icrtc 
brat roentgeno 
gram 17 months 
after cessation 
of treatment 
reie ilcd sh idou 
of dense 
bom tissue 

Inc Sion uound 
packed 111 th 
g uize, ni iss 
increased in size 
if ter operation 
broke doiin 9 
months latei 
then because of 
bony hardness 

Not men 
tioncd 

Giant cell 
sarcoma 

Depression 
of tenth 
dorsal 
xcrtebia 

Anhle 
clonus, 
Oppen 
heim s 
reflex on 
light side 

SlioMcd recur 
renee after 
second opera 
tion negative 
before 

Tune 1912, cxplor 
atorj incision 
reiealcd a bluish 
rather tense but 
fluctuant mass 
beneath muscles 
of the back, re 
moved and uound 
packed 111 th gauze 

Not men 
tioned 

Giant cell 
sarcoma 


Not men 
tioni d 

Not men 
tioned 

Negative 

First, incomplete 
removal Coley’s 
toxins given 
complete paralj 
SIS recurrence 
with complete 
block of spin il 
can 11 , laminec 
tomy of fourth 
and fifth doisal 
vertebrae 

Yes 

Giant cell 
sarcoma 

Not men 
tioned 

Not men 
tioned 

Not mentioned 

Complete re- 
moval uith 
recurrence in 4 
months larger 
than first 

Not men 
tioned 

Giant cell 
of epulis 
tipe 

Lumbc" 

scoliosis 

Knee jerks 
absent 
on left 

Negative except 
for slight 
hypertrophic 
changes 

Complete re- 
moval 

Not men 
tioned 

Fibrosar 
coma with 
giant cells 

Kyphosis 
of eighth 
and ninth 
doisal ver 

Pitella 
on nght 
absent 

Diagnosis of 
tumor of tenth 
dorsal vertebi a 
no t-eatment 

Fust, explora- 
tory incision 
showed necrosis 

Not men 
tioned 

Giant cell 
tumor with 
transi erse 
myelitis 


tebne tentli 
depressed 


Outcome and 
Comment 

Obsened onl^ 5 months, 
treated ■with 0 01 Gm of 
atoxyl mtnvenouslv 
eten other daj for 
46 d lys appealed ivell 
it the end of 5 months 


Eecuirence after 4 years 
10 jears later patient 
alne but not nell 


Colei 's fluid given on 
second, third and fourth 
days, increased to 2 6 ce 
at a dose accepted 
for annj later 


Tieated with mixed 
toxins for 7 months 
injections eierj other 
da\ then tniee each 
weeX reaction seieie 
rapid recurrence of the 
tumor 5% t>3 3% t>j 2 
inehes associated paresis 
of right leg June 1913 
no mass June, 1914 
another operation be 
cause of recurrence bone 
cjst found patient uell 
2 jears later 

Becurrenee flnal outcome 
not mentioned 


No follow up 


Follow up not mentioned 


Death lumbar puncture 
bloody air insufllation 
of spine questionable 
metastases in pleural 
caiity 



Hf porter 
tnd 
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Sei I ai M J 
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1921 


10 Madolung 
Munehen med 
Webnschr 5G 
479, 1909 


11 Shumann 
reoorted bj 
Dean Le-nis 


12 lenis, Dean 
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13 Kesmodel, Karl 
K Am J Roent- 
genol S 573,1921 


11 Cushing 
reported by 
Dean Lems 


25 Cushing 
reported by 
Dean Lewis 


16 Cushing 
reported bj 
De m Lems 


17 Madelung 
reported bj 
Dean Lewis 


18 Thompson 
reported bv 
De in Lems 
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29 Rot men 
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velopment, 
6 months 

1 / 
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Not men- 
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Not men- 
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Mass tlie size oi 
a child's head 

19 Trauma, 

M struck in 

Rot men 
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Rot men- 
tioned 

Yes 

Yes 

Rot mentioned 


back 14 
years pre 
vioush 


27 Rot men Pain m 

M tinned back, 3 

months 


Rot men- Paraplegia Not men 
tinned tioned 


Second liimbir 
vertebn 


7 Rot men R’lght cries Stomach Wabblmg Ro nnes Rot men boned 

F tioned for 3 weeks gait, weak tliesia 

- ness of mus 

cles , lou er 
extremities 


16 Pell 3 3 months Backache Yes 

M months 
prei'iously 


Over right 
thigh 


SeelliDg, depre 
Sion over the tenw 
dorsal to the rfeM 
of vertebra 


13 

Not men 

Not men- 

Not men 

P 

tioned 

tioned 

tioned 


Both legs, Belov 
iliopsoas eleventh 
dorsal ver 
tebra, epi 
critic 
2 inches 
above 


Betiveen tenth 
and eleventh 
dorsal vertebrae 


16 Both 
M 


Lower dor 

]S'o referred 

Redness of 

Not men 

sal and 

pam 

legs 

tioned 

lumbar 




vertebrae 





Tender 12 month 
after injur' 


13 

Not men- 

6 months. 

Left leg 

Not men- 

P 

tioned 

lumbar 

and foot. 

tioned 



vertebra. 

then both 
legs 


25 

Not men 

Not men 

Not men- 

Not men 

M 

tioned 

tioned 

tioned 

tioned 


24 

Not men 

Not men- 

Not men 

Not men 

M 

tioned 

tioned 

tioned 

tioned 


No ancs bot mentioned 
tlicsia 


Rot men- 
tioned 


Rot men 
tioned 


Piingating me 
over sacriini 



Cell Sat coma of the Ve)tcb)ac — Continued 


KyphosiS 

Reflex 

X Raj 

Operation 

Po=t 

operative 

Irradia 

tion 

Patho- 

logic 

Report 

Outcome and 
Comment 

Not men- 
tioned 

N ot men- 
tioned 

Not mentioned 

Jso 

Not men- 
tioned 

Rich in 
giant cells, 
also spindle 
cells, part 
polymor 
phonu 
clears 

Death, metastasis in ribs 
bilateral, chondromj^o- 
endothelioma, probably 
metastatic development 
from parotid in temporal 
region, 10 years’ dura 
tion, size of hen’s egg, 
reduced by radium, not 
a metastasis from 

V ertebrae 

Not men 
tinned 

N'ot men 
tioned 

Not mentioned 

Curettage of 
third and fourth 
cervical cavitv 
size of hen’s egg 

Not men 
tioned 

Giant cell 

myeloid 

sarcoma 

Well 3 months after curet- 
tage, complete disappear- 
ance of sjTnptoms 

Not men 
tioned 

Not men- 
tioned 

Not mentioned 

Complete re Not men- 

moval mth re- tioned 
currenee of tumor 
in 8 months, size 
of man s head, 
patient readmitted 
jears later 
ossification had 
taken place 

Giant cell 

Bladder and rectal 
disturbance persisted 
paraplegia 

Not men 
tioned 

Bilateral 
Babinski 
sign, 
ankle 
clonus 
no abdomi- 
nal reflex 

Rarefaction of 
right half of 
body of fourth 
dorsal verteba 

Laminectomj of 
second, third, 
fourth and fifth 
dorsal vertebrae, 
mass removed, 
dura not opened, 

4 weeks later 50 
mg of radium 
placed foi IS 
hours in region 
formerlj occupied 
by tumor, £K)0 mg 

X raj 
same 
time 

Enable 
vaseul ir 
mass ex- 
tending 

2 inches 
along cord, 
giant cell 
sarcoma 

After S years child appar 
ently normal 

Not men 
tioned 

Ankle 

clonus, 

Oppen- 

lieim’s 

reflex 

No preoperative 

roentgen 

examination 

Exploratory 
opreation, encap 
sulated liquid con 
taming broken 
down tissue 

Not men 
tioned 

Giant cell 
sarcoma 

No improvement follow 
mg operation 

Not men- 
tioned 

Lost knee Not mentioned 
jeiks, 

achilles jerks 
present on 
botli sides, 
but plus on 
the left 

Laminectomy 
and extirpation 

Not men 
tioned 

Giant cell 

sarcoma- 

extradural 

spindle 

cells 

iutomatic bladder and 
rectum protective reflex 

9 months after operation 
no voluntary return of 
paraljzod muscles but 
reflex present, inconti- 
nence IS months later 
sensation and motion 
had not returned 

Not men 
tioned 

Not men 
tioned 

Roentgenogram 
positive, third 
to fifth lumbir 
vertebrae 

Partial removal \es 
of tumor at third 
to fifth lumbar 
. vertebra tumor 
passed oft to nght 

Giant cell 
bony tissue 
between cai 
tilage and 
bone 

No follow up 

Not men- 
tioned 

Not men 
tioned 

Not mentioned 

Partial removal 
of tumor in 
sicral region 

Not men 
tioned 

Giant cell 

Death 4 rears 4 months 
after operation, rectal 
disturbance, 6 weeks loss 
of weight and urgenci 

Not men 
tioned 

Not men 
tioned 

Not mentioned 

Extirp ition 

Not men 
tioned 

Giant cell 
myxoma 
tous tissue 

Recurrence from 4 to C 
rears after operation 
no metastases but local 
recurrences, death 

Not men 
tioned 

Not men 
tioned 

Not mentioned 

Tumor removed 

hemorrhage 

profuse 

Not men 
tioned 

Giant cel! 

Death 



Data on TzucHty-Eight Cases of GwnI 
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History’ 

Dura- 






Bepol'ter 

Age Trauma or 

tion 






and 

and 

Tuber- 

of 

Beferred 


Ancs 


Case Belerence 

Se\ 

culosis 

Pain 

Pain 

Paralysis 

thesia 

Mass 

19 

Leahe 

Not 

Yes, trauma Not men 

Not men 

Left leg 

Not men- 

No ma's 


reported by 

men- 

6 years 

tioned 

tioned 


tioned 



Dean Lewis 

tioned pre\ lously 






20 

Greeiiougb, 

16 

Trauma 

3 months 

Not men 

Not men 

Not men- 

ThiekeniDg 


fc-irainons and 

11 

Smooths 


tioned 

tioned 

tioned 



Harmer 


before 

symptoms 






21 

Haimer, T W 

21 

Not men 

Not men 

Not men- 

Legs, rec 

Not men 

Yes 


Brit M J 172 

M 

tioned 

tioned 

tioned 

turn and 

tioned 



443, 1915 





bladder 



22 

Beported by 

F 

Not men 

Not men 

Not men 

Not men 

Not men 

Not mentioned 


Thoims Brit 
:jX J 172 443, 
1915 


tioned 

tioned 

tioned 

tioned 

tioned 


23 

Klebs Die 

23 

Not men 

Not men 

Not men 

Not men 

Not men 

Not mentioned 


allgememe 
Pathologie, 1SS9 
part 2, p 732 

P 

tioned 

tioned 

tioned 

tioned 

tioned 

Mass of 9 montL' 
duration, for Pe'* 
months, 'ize of ege 

24 

Volkmann, E 

23 

Not men 

Sacrum 

Not men 

Wenkmess 

Not men 


Deutsche med 

F 

tioned 

and rectum 

tioned 


tioned 


Wehnsehr ,1870, 
p 281 



1 year 





25 

Gussenbauer, C 

33 

Not men- 

Continuous 

Not men 

No 

Not men 

Sacral vertebrae 


Teischr f Heilk 

F 

tioned 

sacral pain 

tioned 


tioned 



11 473,1800 



after child 
birth 




YinF= in 

20 

PehaiD, H 

17 

Not men 

Sudden 

Not men 

Not men 

Not men 


Deutsche 

11 

tioned 

pain in 

tioned 

tioned 

tioned 

region 


Wehnsehr 



sacral 






45 241, 1897 



region 





37 

Colbj 

21 

Not men- 

Not men 

Not men 

Not men- 

Not men 

Sofa pillon 


renorted bj 

Dean Le^^is 

11 

tioned 

tioned 

troned 

tioned 

tioned 

Mas to left of 
lumbar 

28 

Boner, Clark 
and Daa is 

20 

P 

Yes, 3 
■V ears pre 

3 4 ears 

To poster 
lor tibial 

Incomplete 

paralysis 

No 




TlOUSlj 


region 

of muscles 








supported by 



sciatic nerve 



Cell Saicoma of the Vetiebiae — Contmued 


Kyphosis 

Befiev 

X Ray 

Operation 

Not men 
tioned 

Not men- 
tioned 

Not mentioned 

No operation 


Post 

operative 

Irradm 

tion 

Xot men 
tioned 


Patho- 
logic Outcome and 

Report Comment 

Recropsy Seven months prior to 

shoved a death patient lost con- 

hemorrhagic trol of bladder and rec- 
m ass be- turn, bed sores devel- 
t ween first oped, death 
and second 
lumbar ver 
tebrae, which 
developed 
from trans- 
verse processes 


Not men- 
tioned 

Not men 
tioned 

Small tumor of Partial excision 
third lumbar ver 
tebra arising from 
lateral surface of 
spinous process 

Not men 
tioned 

Giant cell 

tumor, 

many small 

giant cells, 

stroma, 

fibrous 

tjpe 

Local recurrence m wound 
immediatelj , received 
Coley’s toxin treatment 
by injection direct into 
tumor for 7 months, 

62 injections, tumor 
sloughed out, wound 
healed m 2 jeais, later 
tumor appeared in scar, 
no tumor tissue found 
well 8 years after opera 
tion 

Not men- 
tioned 

Not men 
tioned 

Not mentioned 

No operation 
mass extended 
from eighth dorsal 
to third lumbai 
vertebrae, 0 3 
inches either side 
of vertebrae 

Not men 
tioned 

Giant cell 
saicoma 

Treated as Pott’s disease 
for several months, 
Oolej’s toxin given 3 
months with intervals 
of rest, maximum dose, 

3 minims, patient en- 
tirely well from 7 to 8 
months later no recur- 
rence after 12 jears 

Not men- 
tioned 

Not men- 
tioned 

Not mentioned 

Partial extirpa 
tion 

Not men 
tioned 

Giant cell 
sarcoma 
tumor of 
sacrum 

Well 1% years after 

Oolej s fluid given 

Not men- 
tioned 

Not men 
tioned 

Second cervical 
vertebra, began 
left lateral 
process 

Exploratorj 

Not men 
tioned 

Giant cell 
sarcoma 

Death m fev days, from 
sinus thrombosis and 
purulent meningitis 

Not men 
tioned 

Not men 
tioned 

Not mentioned 

Remoa al com 
plete 

Not men 
tioned 

G ant cell 
sarcoma 

Patient discharged 

6 weehs later complain 
ing of painful defecation 
which gradually subsided 

Not men 
tioned 

Not men 
tioned 

Not mentioned 

Attempted re 
moval 

No 

Giant cell 
sarcoma 

Died from hanorrhage 
during operation, tumor 
mvoJxed fifth lumbar 
yertebra no metastases 

Not men 
tioned 

Not men 
tioned 

Not mentioned 

Exploratory 
operation for 
suspected caries 
third sacral 
vertebra 

Not men 
tioned 

Giant cell 
sarcoma 

Discharged 23 davs after 
operation, no followup 

Not men 
tioned 

Not men 
tioned 

Not mentioned 

No operation 

Not men- 
tioned 

Giant cell 
sarcoma 

Only treatment, Coley’s 
fluid gnen veil 2 years 
later 

Yes 

Patellar 
reflex 
absent 
BabmsU 1 

Sarcoma of 
bodies of second 
and third lum- 
bar vertebrae 

Biopsj and in 
sertion of 
radium 
needles 

Surface 
application 
of radium 

Giant cell 
sarcoma 

In good health after 

5 years 
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The right lower extremit-v was noimal The reflexes were present, and there 
were no areas of anesthesia The muscles of the left lower extremity were 
markedly atrophied, particularly the posterior tibial group A foot drop was 
present The patellar leflex \vas absent, and there was a questionable Babinski 
sign There were no areas of hyperesthesia or anesthesia Heat and cold were 
recognized on any part of the extremity There was paralysis of the quadriceps 
extensor, tibiahs anticus, extensor longus digitorum and extensor longus hallucis 
and marked weakness of the hamstrings and posterior tibial group 

Urinalysis gave negative results Examination of the blood revealed hemo- 
globin, 62 per cent, eiythrocytes, 3,790,000, leukocytes, 7,100, polymorphonuclears, 
74, small lymphocytes, 24, large lymphocytes, 1, transitionals, 1 

The roentgen examination by Dr G C Bird showed an evidently sarcomatous 
mass involving the bodies of the second and third lumbar vertebiae 

On Nov 28, 1924, with the patient under gas anesthesia, a 10 cm semilunar 
incision was made, beginning at the upper border of the spinous process of the 
first lumbar vertebra and extending downward to the left and to the upper 
border of the fourth lumbar vertebra The skin flap was reflected, the lumbar 
fascia divided and the erector spinae muscle retracted The transverse proc- 
esses were softened and replaced by a bluish-red calcareous material which 
bled profuselv The mass was about 7 by 5 by 3 cm , the center of 
greatest density being opposite the spines of the second and third lumbar ver- 
tebrae, the pathologic process had practically accomplished a transversectomy 
A biopsy was performed, and the pathologic report was as follows Several 
small pieces of soft reddish tissue and a few spicules of bone were seen The 
section showed a stroma of spindle cells of varying density inclosing numerous 
thm-walled capillaries and blood spaces unlined by endothelium Many giant 
cells were present in the stroma, characterized by an acidophilic cytoplasm and 
averaging from ten to twelve clear oval nuclei centrally located A diagnosis 


of giant cell sarcoma was made 

Eight needles, each containing 12 5 mg of radium, were inserted into the 
center of the mass The fascia was closed with interrupted chromic catgut, 
the skin with interrupted horse hair sutures A roentgenogram was made with 
radium needles in situ to determine the exact position of the element in relation 
to the cord The roentgenogram showed them to be from 05 to 1 cm distant 
The needles were removed in twenty-four hours, a total of 2,400 mg hours o 


radiation having been given The wound healed primarily, the sutures were 
removed on the fifth dav Two days after operation, contraction of the tibialis 
anterior was noted A plaster of pans cast was applied on the seventeenth day 
after operation, and the patient was discharged from the hospital on the 
first da}'- Improvement was rapid, and on her return to the hospital on e 
ruary 8, there was complete return of power in all the paralyzed muscles, an 
the reflexes were normal She had gamed about 4 pounds (18 Kg ) The pu se 
rate was 112, the temperature normal The urinalysis gave negative resii ts 
The blood count was hemoglobin, 62 per cent, erythrocytes, 3,460,000, lympio 
cytes, 8,400 , polymorphonuclears, 72 , small lymphocytes, 26 , large lymphocytes, 
On February 9, the same operative approach being used, eight 12 S mg uce 
were again inserted into the growth for twenty-four hours A roentgenogra ^ 
was made with the needles in position The mass was smaller, partial!' cac 
fied and not as hemorrhagic as at the previous operation The wound 
normallj, and the patient W'as again discharged from the hospital ^ ^ 
after the operation A cast was not applied A roentgenogram of ^ 
was negatne The patient continued to improve, and was again admitte o 
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hospital on May 21, 1925, at which time radium was applied to the mass 2 cm 
distant from the growth, 100 mg for twenty hours, making a total of 2,000 mg 
This was repeated on Aug 25, 1925 A roentgenogram at this time showed 
that a large mass of osseous tissue had replaced the tumor mass The last 
application of radium was made on Feb 11, 1926 (2,000 mg) The patient’s 
general condition was excellent The contraction of the previously paralyzed 
muscles w'as practically normal, and there w'as but a slight degree of atrophy 
present She had no pain The pulse rate w'as 100 

Subsequent Histoiy — Five years and one month after the onset of symptoms 
and five jears after radium implantation, the patient is in good health Disre- 
garding the advice of her family physician, she was married (September, 1929) 
and IS doing her owm housework 

Note — Since this manuscript w^ent to press, our attention has been drawm to 
an article by A W Adson (Osteitis Fibroas Cjstica of the Spine, Surg G 3 'nec 
Obst 46 684, 1928) dealing w’lth two cases m which pulpy, friable spinal tumors 
developed apparently followung trauma These cases w'ere reported three years 
and three months, respectively, after the tumors w'ere removed successful!} 

2008 Walnut Street 



THE EFFECT OF SPINAL ANESTHESIA ON 
THE CARDIAC OUTPUT* 

JOHN C BURCH, MD 

AND 

TINSLEY R HARRISON, MD 

NASHVILLE, TENN 

The inci easing lecognition of spinal anesthesia as the method of 
choice in many operations has seemed to warrant an investigation into 
Its physiologic eftect In this paper we present the lesults of a series 
of studies along this line Since clinical experience has demonstrated 
that under spinal, as undei other, anesthesia the state of the circulation 
IS of primary concern to the surgeon, the first observations have dealt 
with the caidiac output and blood pressure 

Dogs were used in the experiment One to two hours befoie the 
experiment was begun, morphine (from 10 to 15 mg per kilogiain of 
weight injected subcutaneously) or barbital (0 3 Gm per kilogram, 
intiavenously) was given Arterial piessuie was measured by a mer- 
cuiy manometer, the cannula being inseited in the carotid artery The 
cardiac output was determined accoidmg to the Fick principle, the 
technic being that employed by Han ison and Leonard ^ The rubbei 
mask designed by Blalock - was used to connect the animal to a Bene- 
dict spirometer The Roth ^ lecording device was used Arterial blood 
was obtained from an exposed femoral aitery, venous blood, fioni 
puncture of the light ventricle, as fiist done by Baicioft, Boycott, 
Dunn and Peters The oxygen contents of aiteiial and venous blood 
were measuied in the Van Slyke-NeilU appaiatus 

After the control obseivations had been made, the animal was 
turned on its side, and spinal puncture was done The needles and 
technic weie essentially the same as those used foi this procedure m 
man At first some difficulty was encounteied in enteiing the spmal 
canal, but after a little piactice the puncture wms easily pei formed F 

' Submitted for publication, Feb 3, 1930 

^ From the Departments of Gynecology and Medicine, Vanderbilt Universitj 

1 Harrison, T R , and Leonard, B W J Clin Investigation 3 1 (Octf 

1926 

2 Blalock, A J Lab & Clin Med 12 378, 1927 

3 Roth, P Boston M & S J 186 457, 1923 , 

4 Bancroft, J , Bojxott, A E , Dunn, J S , and Peters, R A Quai" 

Med 13 35, 1919 

5 Van Slyke D D , and Neill, T M J Biol Chem 61 523, 19-4 
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was usually necessai}’’ to employ suction with a syringe in order to be 
ceitain that one had entered the ceiebrospinal space, as spinal fluid 
frequently failed to diip from the needle A solution of 1 per cent 
procaine hydiochloiide and 0 1 per cent strychnine sulphate was used 
in some experiments and piocaine m otheis The doses used in most 
of the experiments were of the same order of magnitude as those 
employed clinically In the later observations, the effect of larger doses 
was studied The foot of the table was elevated m some experiments, 
but not m all of them Aftei the characteristic fall in blood pressure 
had developed, the caidiac output was again measured 

The results of these studies are shown m the table No constant 
changes were observed m oxygen consumption oi in the oxygen con- 

Effect of Spnial Anesthesia on Dogs 


Control Period After Spinal Percentage 

Before Spiml Anesthesia Anesthesia Change 
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ment 
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f 
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V 

Mean 
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Output 

\ ! 
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Pressure 
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3 
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84 

(a) 1980 

(b) 1580 

60 

28 
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—27 
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5 

2720 

ISS 
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(b) 2540 

96 
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— 6 

—30 

—20 

7 

2320 

lOS 

2230 

66 

—21 

—39 

S 

2330 
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2100 

70 

—10 

—42 

10 

1680 

100 

1340 

66 

—15 

— 34 

11 

1500 

104 

660 

46 

— 36 

—56 

12 

1140 

lie 

800 

84 

—30 

—23 

13 

1300 

114 

420 

34 

-6S 

-90 


tents of the blood, and therefoie the values foi these functions are 
not presented As can be seen in expeiiments 3 and 5, the blood 
pressure fell before the cardiac output decreased In six of the eight 
expeiiments, the degree of diminution in blood pressure was greater 
than that in the cardiac output When the decline in blood pressure 
Avas lelatively slight (experiments 3a, 5a and 5b), the minute cardiac 
output usually lemamed at oi nearly at a normal level (Changes of 
10 per cent oi less cannot be regarded as significant, as this is approxi- 
mately the limit of eiror of the method) Greater diminution in 
arterial pressuie (expeiiments 7, 8, 10 and 12) were usually followed 
by moderate deciease m the blood flow, and when the drop in arterial 
piessuie was extreme (expeiiments 11 and 13) the cardiac output was 
also A^ei} loAv 

Fiom the data it appears that in spinal anesthesia the initial change 
is. as would be expected, in arteiial pressure, and that the venous 
return and output of the heait are affected secondanh This sequence 
of eients is just the opposite of that in heinoirhage In this condition, 
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Blalock® has shown that the caidiac output decreases hist and is 
already reduced by fiom one-thiid to one-half before a significant 
decline in mean aiteiial piessuie occuis These obseivations probably 
explain the well lecognized clinical fact that a low blood piesstire due to 
hemorrhage is a much moie seiious sign than a similai blood pressure in 
a patient under spinal anesthesia These obsel^atlons lend support to 
the views of Blalock,' who studied the eftect of trauma on the spinal 
cord and found that a given lowenng of blood pressure was accom- 
panied by less diminution of cardiac output than was the case after 
hemorrhage The same authoi ® has recently showm that secondary 
shock due to muscle injuiy can be explained almost entirely by local 
hemorrhage within the traumatized aiea It appears that the lowering 
of the blood pressure under spinal anesthesia is analogous to that occur- 
ring in primary shock or collapse or in ordinary syncope Such an 
understanding of the mechanism of spinal shock may have therapeutic 
significance A piwu, since the peripheral resistance is primarily at 
fault, one would expect more value from vasoconstrictor drugs than in 
hemorrhage, a condition in which the circulatoiy blood volume, venous 
letuin and cardiac output are essentially affected 

6 Blalock, A Mechanism and Treatment of Experimental Shock, Arcli 
Surg 15 762 (Nov) 1927 

7 Blalock, A, and Bradburn, H B Trauma to Central Nervous System 
Its Effects on Cardiac Output and Blood Pressure, Arch Surg 19 725 (Oct ) 1929 

8 Blalock, A Experimental Shock The Cause of Low Blood Pressure 
Produced by Muscle Injury, to be published 



THE ETIOLOGY OF INTERSTITIAL AND MEDIAS- 
TINAL EMPHYSEMA 

(experimental production or air embolism, acute pneumo- 
thorax, ACUTE pneumoperitoneum, INTERSTITIAL, MEDIAS- 
TINAL AND RETROPERITONEAL EMPHYSEMA) * 

MINAS JOANNIDES, MD 

AND 

GEORGE D TSOULOS, MD 

CHICAGO 

The term mediastinal and interstitial emphysema m our ^^ 0 lk is 
used to include not only the introduction of air into all the areolar tissues 
of the body, but also acute pneumothorax, acute pneumoperitoneum 
and air embolism This condition has often been leferied to as stii- 
gical emphysema because a good proportion of clinical cases develop 
aftei an injury which is usually treated by the surgeon 

The causes of interstitial emphysema as given by vaiious authors 
may be summarized under the following groups 

1 Traumatic, namely, due to an injury of the lung produced by stab 
wound of the wall of the chest, a fractured rib or a needle during the 
induction of an artificial pneumothorax 

2 Sudden increase of the intrapulmomc an piessure resulting fiom 
physical strain such as coughing, childbirth or obstruction of the air 
passages by aspiration of foreign bodies 

3 Entrance of air into the fascial planes during operative pio- 
cedures that cause an opening of the fascial planes and under certain 
conditions that allow the air to be sucked in 

4 Retropei itoneal emphysema caused b}' a perforation or an injur} 
to the retiopei Itoneal surface of the colon oi the duodenum or extension 
thiough the diaphragmatic openings from the mediastinum to the retro- 
peritoneal areolar tissue 

5 Administration of general anesthesia b} the closed method or 
the inflation method, in which the intrabronchial air pressure is 
inci eased LihenthaH noted such an emphjseina in a patient vho 
received a general anesthetic br the insufflation method, and in vhoin 
the air pressure vas laised to 60 mm of mercury 

^ Submitted for publication, Dec 31 1929 

=' From the Department of Surgery, College of !Medicine, Unnersitj of Illinois 

1 Lilienthal, H Thoracic Surger\, Philadelphia, W E Saunders Compan\, 
1926, ^ol 1 p 250 
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Our mteiest in this woik was aroused by an accidental produc- 
tion of the condition in a dog m a series of experiments on the etiolog}' 
of pulmonary abscess “ As we were introducing the infected blood 
and sputum into the lung through the bronchoscope, we noted that by 
the introduction of an into the lungs under suddenly increased pres- 
sure an interstitial emphysema was produced This condition was 
repeated at will in dead as well as m live animals, and our results were 
uniformly positive A caieful study of the various underlying factors 
was therefore undertaken 


METHOD 

A small tube was inserted into the mouth or the trachea of a dog under ether 
anesthesia, and the air was blown m at known pressures The tracheal tube was 
large enough in diameter to allow the excess air to return to the mouth and come 
out In order to produce a sudden increase of intrapulmonic pressure, we com- 
pressed the floor of the mouth or the trachea, and for a known time we held the 
air in the lung This sudden increase of pressure, though momentary, was 
sufficient to cause interstitial emphysema In a series of experiments, the air was 
introduced through one source and removed at a different outlet Under such 
conditions the outgoing, as well as the ingoing, air pressure could be under control 
and thus various factors could be studied By means of a capillary microscope, 
Dr D M Olkon studied the capillary circulation of the skin under varying degrees 
of increased intrapulmonic pressure 

I 

EXPERIMENTS AND RESULTS 

In the fil St series of experiments we made an eff oi t to find out what 
happens when a blast of compressed air is blown into the lung With 
the dog under ether anesthesia, an was allowed to enter the trachea 
through a bronchoscope that was passed beyond the larynx With a 
compression of the trachea for from five to ten seconds, at tunes 
repeated two or three times, we could produce interstitial emphysema 
The sequence of events was as follows With the introduction of air 
under increased pressure, the respiiation became shallow and in some 
cases stopped entirely, to be resumed again from one to five minutes 
later With the sudden blast, pneumothorax was produced and the 
diaphragm, which bulged downward, caused some distention of the 
abdomen As more air was blown in, the abdomen became disten e 
considerably more, and the walls became drumlike on account of the 
pneumoperitoneum As the an finds its way thiough the inguma 
rings and the cervical fascial planes, it escapes to the surface and exten s 
to the neck, the floor of the mouth, the face and the retro-orbital space, 
causing an exophthalmos Veiy little air reaches the upper extremities 
From below through the inguinal rings the air finds its way through ti 

2 Hedblom, C A , Joanmdes, Minas, and Rosenthal, S Pulmonary 
An Experimental Study, Ann Surg 88 823 (Nov ) 1928 Joanmdes, J mas 
Etiolog\ of Pulmonar}-^ Abscess, Surg Gynec Obst 47 449, 1928 
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fascial planes iipwaul to the costal maigin and spieads postenorly to the 
opposite side of the abdominal wall Anteiioily the an does not spread 
bejond the midline because the fascia is fixed, but it can tiavel pos- 
teriorly as no fixed points aie piesent If the emphysema is not marked, 
the dog may icmain m this condition for seveial hours and then recover 
so that m from tvo to ten dajs no evidence of an is present Most 
animals, howevei, died and at .lutopsy we found an acute tension pneu- 
mothoiax with compiession of the lungs We also noted an bubbles at 
the hilus of the lungs at the point at which the parietal pleura joins the 
Msceral pleuia It appeals that this junction has a loose union with the 
lung, and an can easily escape at this point when the lung is injured 
Bullae of an of varying sires w'eic noted in the lung No doubt when 
the mtiapulmonic pressuie becomes increased, the pleura gives way and 
the ail balloons up this loose poition of the pleura In a study of the 
histology of the lung in the living dog, we noted aieas m wdiich there 
was an oblique ot sagittal section of the smaller bronchus,'^ the inner 
half of wdnch subdivided into its normal dnisions but the outer half 
lemamed open and w'as covered only by tbe thin loose pleura With 
each inspiration this area distended slightly more than the rest of the 
surface, and undei increased mtiapulmonic pressure the loose pleura 
separated more and a bulla of an w'as formed It is ruptured bullae 
such as this, m addition to leakage of air fiom the mediastinal areolar 
tissue, that produce acute pneumothoiax The an bubbles in the medi- 
astinum extend upw'ard tow^ard the ceivical fascia and downward 
thiough the postesophageal areolar tissue to the mesentery and retro- 
peritoneal tissues At the hiatus esophagus of the diaphragm an ana- 
tomic study revealed the presence of a small in\erted triangle, the sides 
of wdiich were joined together by means of thin fibrous tissue * Undei 
increased pressure from above, the air finds its way through this open- 
ing into the abdominal retroperitoneal tissues and spieads along the 
root of the mesentery dowmward to the fascia of the iliopsoas muscle 
and out through the inguinal ring to the superficial tissues in the 
abdominal wall At the region of the perirenal areolar tissues fiequently 
a bulla wall form which in turn ruptures and allows the air to escape 
into the free peritoneal cavity thus causing a pneumoperitoneum When 
the air travels upward, it passes through the cervical planes and reaches 
the subcutaneous tissues of the chest When the sublingual tissues 

3 Joannides, Minas, and Olkon, D M The Structure of the Alveolus Pul- 
monahs m the Living Dog A Capillaroscopic Study, to be published Joannides, 
Minas Surface Stereomicroscopy of the Lung in the Living Animals, to be 
published 

4 Joannides, Minas The Relation of the Hiatus Esophagus of the Diaphragm 
to the Stomach, Arch Int Med 43 61 (Jan ) 1929 , The Influence of the 
Diaphragm on the Esophagus and the Stomach, ibid 44 856 (Dec ) 1929 
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became distended with an, the tongue was pushed up from its bed, 
thus making it impossible foi the dog to bieathe With an additional 
amount of air undei pressure, the face swelled up, and finally the retro- 
bulbar tissues of the orbit caused a marked exophthalmos Examina- 
tion of the heart and the geneial ciiculation revealed the presence of 
air in the blood stream When the heart was opened, we found that 
in all the chambeis the blood changed into a foamy mass, and air bubbles 
of vaiying sizes could be traced in the aiteiial as well as in the venous 
tree Capillaroscopic studies by Dr Olkon levealed the presence of 
micioscopic air bubbles in capillaries of the heart muscle, the kidneys, 
the bladdei, the stomach, the intestines, the brain and the skin 

The results of these expeiiments necessitated the explanation of the 
mechanics of seveial factors 1 What causes the emphysema^ Does 
it necessaiily depend on the increased inti apulmonic pressuie per se, 
oi IS it secondary to a teai in the lung tissue 2 What causes death in 
these animals ^ Is it the acute tension pneumothorax, the air embolism, 
the pneumopei itoneum or the inteistitial emphysema per se’ 3 In the 
dogs that survive the shock of the experiment, what happens to the air 
in the tissues and the circulation^ 4 How can these animals be saved 
aftei the syndrome develops^ Would the animals suivive if an outlet 
was made for the air through the skin, the thoracic (to relieve the pneu- 
mothorax) or the abdominal wall (to relieve the pneumoperitoneum) ^ 

To determine the effect of the piesence of air in the subcutaneous 
tissues, air uiidei piessuie was injected subcutaneously by means of a 
trocai In this series, the dog was meiely ballooned up and showed 
evidence of discomfoit owing to the distention of the skin The air 
was injected at the light inguinal legion, but promptly traveled upward 
and spiead thioughout the whole body except the extiemities As soon 
as the tiocar was lemoved, the an began to leak out through the open- 
ing made by the tiocar An attempt to suture that opening caused the 
an to leak out thiough the new openings made with the needle The 
more incisions piesent in the skin, the quicker the air escapes from the 
interstitial tissues If the animal is left alone the ballooning disappears, 
but ciepitation lemains and peisists foi from a week to ten days Such 
an experiment was not sufficiently shocking to the animal to cause deat i 
When the animal was killed, we found no alterations in the deeper 
sti uctures 

The presence of an acute tension pneumothoiax, alone or com 
with pneumopei itoneum, was then studied In the series of dogs, 
air was injected into the abdominal cavity under sufficient pressure ^ 
cause distention of the abdominal wall In this senes the air di 
leak out through the inguinal rings although the intraperitoneal 
vas high enough to cause uiinary and fecal incontinence Aside ro 
the discomfort pioduced b}'- the compression of the intra-a coi 
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oigans, no othci sjmptoms weie piesent All these animals suivned 
the shock of the cxpcumenl In anothei senes, an acute tension 
pneumothoiax was piocluceci b\ the injection of air into the chest 
thiough a needle Depending on the compiession of the lung pro- 
duced by the pneumothoiax, Aarjing degiees of respiratory and cir- 
ciilaton embaiiassmcnt developed In maiked cases, asphyxia and death 
occuiied, m moie model ate cases, dyspnea occuired, and when the 
abdomen was opened fiom below% the diaphiagm w'as seen to lose its 
tone and bulge dowmvard into the abdomen In this series a medias- 
tinal, reti opei itoneal and subcutaneous emphysema developed, but no 
air embolism w^as found It appeals, theiefore, that an acute pneumo- 
thoiax plays an etiologic pait in the pioduction of interstitial emphy- 
sema Is it, then, the acute pneumothorax that kills these animals^ 
In ordei to deteimme this point, w'e introduced compressed air into the 
lungs after we had pieviously inserted a small lubber catheter into each 
side of the chest to allow' the escape of air from the pleural cavity In this 
series w'e noted the chaiacteristic subcutaneous mediastinal and retro- 
peritoneal emphysema These dogs, how'ever, toleiated this change after 
a period of apnea lasting from fifteen to thirty seconds, so that the 
experiment could be continued for from tw'o to three hours, when ordi- 
narily a few blasts of compiessed air into the lungs proved fatal From 
these observations w'e may be justified in assuming that relief from acute 
pneumothorax keeps the animal alive m the piesence of an interstitial 
emphysema 

The production of air embolism m these expei iments has been fairly 
constant In more than 80 per cent of the dogs that developed inter- 
stitial emphysema by the intratracheal injection of compressed air, we 
found large amounts of air in the cardiac chambers and in the general 
circulation Air was present on the venous as well as on the arterial 
side, m the systemic as well as m the pulmonary circulation To 
determine the effect of air embolism per se w'e injected air into the 
femoral vein When from 200 to 300 cc of an was injected slowly 
over a period of from thirty to foity-five minutes, the dog remained 
alive If, on the other hand, this amount was injected rapidly over a 
period of from foui to five minutes, the dogs died promptly Artificial 
respiration, cardiac massage or intracardiac injections of epinephrine 
failed to resuscitate the animal When the heart w'as incised, w'e found 
the blood m a foamy state, and air bubbles of varying sizes were also 
present Air could also be traced in the carotids, the aorta and the vena 
cava It is possible, then, that with acute interstitial emphysema if the 
tension pneumothorax does not kill the animals the air embolism does 
But how does the air get into the general circulation under these con- 
ditions^ There are two possible routes First, air may reach the cir- 
culation by means of a bronchovenous fistula Such a fistula has been 
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pioduced expel imentally by C M Van Allen ^ with a resultant air 
embolism The second loute is directly thiough the capillaiies of the 
lung without any gioss injury to the lung tissue In a stereomicro- 
scopic study of the lung in living animals, such as dogs, rabbits, alliga- 
tors and frogs, we found that when the animal stuiggles or there is an 
increased intrapulmonic piessuie microscopic bubbles of air are seen 
in the larger capillaries, and if such stiuggles persist these air bubbles 
become moie and more numerous and extend to larger vessels The 
flog IS the best animal for such a study We “ have noted that with 
a slight struggle an finds its way into the larger vessels without any 
apparent change in the structure of the alveolar membrane If the 
mtra-alveolar pressure i emains persistently high, all the larger capillaries 
become devoid of blood cells, and gradually the air bubbles reach the 
heart cavity What probably happens is that the alveolar tension is 
increased to such a degiee that more air passes into the capillaries than 
occurs under normal tension, but after the larger capillaries are reached 
the tension is again changed to normal with a resulting air embolism 
Another important fact which the studies on the frog revealed is 
that the alveolar membrane is made up of ridges and grooves, and the 
blood runs from the many celled capillary at the periphery over the 
surface of the alveolar membrane and divides into a massive delta so 
fine that air could easily find its way into these grooves without destruc- 
tion of the membrane When air embolism is produced, unless it is of 
a massive degree, the animal survives The animal dies as a result of 
one of two cause First, as the air reaches the heart chambers it is 
churned with the blood during the cardiac contraction and the blood 
becomes foamy In this physical state of the blood, the contractions of 
the heart, instead of propelling the blood into the arteries, cause a 
greater emulsification The animal dies of asphyxia and anoxemia The 
second cause of death is air ambohsm of one of the vital centers in the 
medulla When air finds its way there, it may remain long enough to 
cause anemia of any of these centers with possible death 


CONCLUSIONS 

Interstitial emphysema is apparently a protective mechanism on the 
part of the body to keep air from parts where it may cause difficuty 
A simple subcutaneous emphysema is harmless, and with a few 
multiple incisions the air may be allowed to escape to the outside wi lo 
causing any harm If the condition causing the emphysema is 
sistent and as a result there is an acute pneumothorax and a pneumo^ 
peritoneum, the condition may be relieved if an outlet for the air i 


5 Van Allen, C Af Personal communication to the authors 

6 Joanmdes (footnote 3, second reference) 
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pioduced in tlie chest and abdominal cavities No method has as yet 
been developed, ho\ve\ ei , to deal up an embolism of a massive type 
We have tiied the combination of blood tiansfusion and venesection 
in 01 del to leplace the emulsified blood with noimal blood, but without 
success The condition of mild mediastinal emphysema and mild degree 
of an embolism is piobably more common than is generally seen, because 
heietofoie we have lecogni^ed only the extieme degrees of the condition 
Our expciiments lead us to belie\e that anything that pioduces an 
iiici eased intiapulmonic piessuie, such as a severe cough, child labor, 
lilting of lieaAy objects etc , piobabl) causes a mild degiee of mediastinal 
emph}sema and air embolism, which as ^et we have no way of recogniz- 
ing chnicalh 
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URETER 

Tmnoi — McCown stated that primar}^ carcinoma is rare, and that 

the paucity of symptoms makes diagnosis difficult Early treatment is 
necessary to secure beneficial results, since tumors of this type result in 
widespread and rather early metastasis He reported a case of tumor ot 
the ureter After various examinations, he concluded that a tumoi of 
the ureter or of the kidney and meter was present, and retroperitoneal 
nephrectomy was done through a lumbar incision On liberation of the 
adhesions around the pelvis of the kidney, a mass was found m the 
ureter just below the pelvis, which was about 2 cm thick The ureter 
was liberated and sectioned about 2 cm above the bladder Evidence 
of extension was not found during the operation Pathologic exami- 
nation of the specimen revealed papillar}'^ carcinoma m the upper t ir 
of the ureter, without any evidence of metastasis or implantations along 
the ureter, as so frequently occurs in papillomatosis of the pelvis ot the 
kidney 

Forty-three cases were reviewed, 21 of the patients were females 
and 22 were males The right uieter was involved in 19 cases an 
the left ureter in 24 The neoplasm occuried in the upper part of t^i^ 
ureter in 5 cases, in the lower part of the ureter in 27 cases, and m i 
middle part of the ureter in 6 cases, it was diffuse in 1 case, near 
the center in 1 case, below the center in 1 case, multiple m 1 case, an 

30 McCown, P E Primary Carcinoma of the Ureter, J A M A S'* 

(Feb 15) 1930 
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invoked the entue meter m 1 case The papillai}' type of carcinoma is 
the most common The duiation of s}mptoms fiom the cases reviewed 
was fiom fi\e weeks to fouiteen yeais Hematuiia was the most com- 
mon S}mptom , It was noted m 31 cases Tumor was reported as having 
been felt in 18 cases, m the final analysis hydi onephrosis was reported 
m 32 cases The clinical diagnosis of tiimoi of the ureter was made in 
9 of the 43 cases Nephio-uieterectomy had been performed in most 
cases In\ohement of the ureteial oiifice required removal of a sur- 
rounding area of the wall of the bladder 

Stones — Ibiahim,’^ fiom his obsei\ation in Egypt, expressed the 
belief that most stones found m the ureter form in the pelvis of the 
kidne} and pass into the meter Bilharziasis of the ureter is responsible 
for the majoiity of the stones piimanly foimed m the ureter In most 
cases the cause is bilhamal ulceration, infection and surface concretions , 
111 otheis it IS infection of a dilated ureter above a bilharzial stricture 
The lattei t}pe of stone is usually large and multiple Most of the 
stones have a nucleus of oxalic or of uiic acid, the remainder of the 
stone is composed of \anable la 3 ^eis of oxalates, urates and phosphates 
The variations depend on the chemical composition and reaction of 
the urine 

Ureteric colic is a constant s 3 mptom and is due to overdistention of 
the urinary tract abo\e the level of the stone rather than to pressure of 
the stone or to spasm at the point of impaction Frequency, pain and 
difficulty of urination occm ^\lth stones in the distal end of the ureter, 
but rarely accompaii} stones of the proximal end In cases of intra- 
mural stones the pictme may closely simulate that of vesical calculus 
Hematuria, often only microscopic, is less common than in cases of 
renal calculus and is more seveie during and after an attack of colic 
The loin is always tender to deep pressure, as is the course of the 
ureter, especially at the level of the pelvic brim The kidney may 
sometimes be felt enlaiged In a few cases the calculus may be felt 
on rectal or vaginal examination Bilharziasis, when present, makes 
diagnosis more difficult The urine is usually acid, showing erythrocytes 
and pus cells on microscopic examination When complete obstruction 
occurs, pyuria disappears, although the condition of the patient becomes 
progressively more serious When anuria caused by calculus occurs, 
the other kidney is usually absent or unhealthy 

Many small stones of the ureter pass naturally into the bladder, and 
slightly larger ones may pass under medical treatment If the stone 
IS more than 0 5 cm m diameter, operation is indicated There is less 
possibility of a rough or a spiculated stone passing naturally When 
dilatation of the renal pelvis as a result of obstruction b}'- stone occurs, 


31 Ibrahim, A B Stones of the Ureter, Bnt J Urol 1 396 (Dec ) 1929 
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expectant tieatment is contraindicated legardless of the nature of the 
stone In cases associated with vesical calculus, Ibrahim opeiates on the 
bladdei seveial weeks before he operates on the uietei In cases 
associated with renal caleulus of the same side and of a size small 
enough to make it possible for its latei descent into the uretei, the kid- 
ney and ureter aie operated on at the same time If the renal stone 
IS larger, it is removed by a second operation some tune after the 
operation on the ureter If the condition is bilateial, the better of the 
two sides IS operated on first In bilateral cases, if the stones are both in 
the distal end of the uietei, they may be lemoved advantageously at 
one opeiation through a median suprapubic incision If bilharziasis is 
associated, the end-results are less satisfactory, but the decision con- 
cerning the opeiation is not affected In opeiating on the upper part 
of the ureter, the oidinary lumbar incision is made because the ureter 
IS not adheient to the peritoneum at this point In operating on the 
lower part of the ureter, either the iliac or the median extraperitoneal 
approach may be used, the iliac being pieferable The incision is 
started near the anterior superioi iliac spine and passes down, parallel 
to and 2 5 cm above Poupart’s ligament to about 2 5 cm lateral to 
the pubic spine The aponeurosis of the external oblique and the 
fibers of the internal oblique and transversus abdominis muscles are 
divided in the line of the incision in the skin After the fascia trans- 
vei sails IS cut, the deep epigastric artery is divided between ligatures 
The peiitoneum is reflected to the bifurcation of the common iliac arter}^ 
wheie the uieter is looked for It is usually retracted with the pento- 
neum but may be recognized by its feel and by the longitudinal aiiange- 
ment of its vessels Not moie than 2 5 cm of the uietei is dissected, 
care being taken not to denude the peiiureteric tissue which contains 
the blood supply of the adjoining segment of the uretei 

In 2 cases of calculous pyonephiosis with multiple small calculi in 
the kidney, the corresponding ureters being free, nephrectomy was 
performed After operation the patients showed marked improvement 
from pain and intoxication from which they had been suffering Later, 
definite signs and symptoms of severe cystitis developed On cystoscopic 
examination the orifice of the ureter was found to be inflamed, immobile 
and patent, with pus exuding from it The patients in these cases were 
successfully treated by excision of the remaining stump of the ureter 
by the suprapubic extraperitoneal route A small stone was found in 
each stump The supposition is that these stones must have slipp^^ 
down the ureter from the kidney during manipulation for nephrectom)^ 
Over a period of three years, theie was no mortality in 44 cases o 
stones of the ureter in which operation had been performed At ns 
el -Amy Hospital, 2 deaths (4 8 per cent) occurred in 42 cases 



SCHOLL EL AL—bROLOGIC SURGERY 


o4o 


Bumpiis and Thomps^on summaiued the data in 1 001 cases of 
stone m the uictei obsened o\ei a peuod of nine }eais Pain oiiginat- 
ing in the lenal aiea and ladiating to\\aid the bladder A\as noted in 634 
(63 4 pel cent) of the cases, but onh laiely did it radiate to the innei 
side of the thigh oi to the genitals Pain in the louei light quadiant 
without ladiation and with little suggestion of renal colic occuiied in 
13S cases Because the sjmptoms simulated those of appendicitis the 
appendix was iemo\ed in 37 (26 8 per cent) of the cases, without lelief 
fiom simptoins Ot the 1,001 cases, appendectoni} had been pei- 
foimed in 226 Foui bundled fiftv-six patients noted maiked f requeue} 
duiing attacks and 254 did not have uiinaiy disturbances Hematuria 
noticeable to the patient occuried m 300 cases and was denionstiated 
micioscopicalh in 57 cases Anuria was the most alaimmg simptom 
occurimg in 27 cases, m 22 it was appaientl} leflex m t}pe since 
obstruction was not demonstiable m the opposite uietei The reflex 
anuiia did not last more than twent}-foui houis m am case Anuiia 
of longer duration is piobably due to obstiuction 

Stone could not be demonstrated by roentgenogi ams m 21 (2 1 pei 
cent) of the cases Without cystoscopic and other data the definite 
diagnosis of stone in the uieter cannot be expected m such a high pei- 
centage of cases because many of the shadows are indistinguishable 
fiom phlebohths In 554 cases theie w'as definite obstiuction to uieteral 
catheteri7ation In man} cases, this was passed easily with a cathetei 
usually w'lth little, if an\ obstiuction to the passage of uime 

In 146 cases the stone w^as passed following the manipulation inci- 
dent to the first cistoscopic examination, wdiereas m 274 othei cases 
manipulation was followed by success in 202 (74 pei cent) , in 65 of 
these, uieteral meatotoni} w'as done as an aid to manipulation wnth 
scissors 01 with fulguration In 63 cases suigical remoial was neces- 
sar} after the failuie of manipulation Two of these patients aftei 
then condition had been rendered critical, consented to operation but 
both died from sepsis There w’^ere 252 cases in which stone was 
removed suigically from the lower thud of the uieter and 228 in which 
the upper and middle thuds of the uretei w'-ere imolved In 49 cases 
the obstruction produced by stone m the low^ei pait of the uretei had 
resulted in such extreme ureteral and lenal mjur} that nephiectonr\ or 
nephro-ureterectomy w^as required Excluding these 49 cases 60 7 pei 
cent of all the stones in the low’^er part of the uieter were lemoied 
by manipulation The operations performed in 529 cases w ere 
uieterohthotomy. 372 nephro-uieterectomy, 51, nephrectoim, 37 
ureterectoiu} (nephiectomv elsewdiere), 3, and combined operations 66 

32 Bumpus, H C, and Thompson, G J Stones in the Ureter Surg G\nec 
Obst 50 106 (Jan) 1930 
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Attempts to delivei stones by cystoscopic manipulation should not 
be earned to a point at which theie is danger of suppuiative pyelo- 
nephritis Bumpus and Thompson are of the belief that in cases which 
show marked infection tieatment should be by ureterolithotomy rather 
than by manipulation, the same holds true in cases with stones which 
are more than from 1 5 to 2 cm in diametei and which are known 
to ha^ e been present for a considerable period 

Reaction following manipulation may be minimized if ureteral 
catheters aie left in the ureter to insure drainage following the lemoval 
of the stone The edema produced by the manipulation, together with 
the resulting ureteiitis and peiiureteiitis unless adequate drainage is 
insured, results in rapid ascending infection When this has occurred, 
delay in operating to relieve the stasis and infection greatly increases the 
risk In all the cases in this series in which operation was performed 
as soon as signs of renal infection appeared, the patients recovered The 
2 deaths from sepsis gave a mortalit} in the senes of 0 2 per cent 
following cathetei manipulation Theie ivere 9 deaths following the 
surgical treatment of ureteral stones The majority of these cases were 
complicated by the presence of renal stones and pooi renal function, 
and the operation was done as a life-saving measure The mortality in 
the entire series of 1,001 cases was 1 1 pei cent 

[Ed Note — These authois summarized fiom a laige senes of cases 
what would seem a proper evaluation of the various methods of treat- 
ment in cases of ureteral stones The high incidence of previous 
appendectomy m the patients comprising this group is noteworthy and 
IS a reflection on the failure of the aveiage general surgeon to employ 
urologic methods of investigation in the usual case of so-called chronic 
appendicitis If the roentgen rays and cystoscope weie used more fre- 
quently, or even as a routine measure m such cases, many patients 
would be saved the ordeal and expense of an unnecessary laparotomy 
We agree with the contention that when catheter manipulation is 
followed by sepsis or when impassable obstruction is encountered, then 
the indications for prompt surgical intervention are imminent ] 

Retained Stone After Nepln ectomy — Hunt stated that subsequent 
operations on the ureter after removal of its adjacent kidney occur infrc 
quently Operations are seldom required on the uretei after nephrectoin) 
has been performed for extensive infections of the kidney Alt ougi 
infection of the ureter is often associated with infections of the kidnej, 
patency of the ureter provides drainage of infectious material fro^ 
the ureter with subsequent resolution of the process If this were 
true, ureterectomy would frequently be indicated after nephrectom} 

33 Hunt, V C The Necessity for Operations on the Ureter, Ind 
Ureterectomy, Subsequent to Nephrectomy, J Urol 23 43 (Jan ) 1930 
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At the i\Ia} o Clinic, during the last ten years, renal tuberculosis has 
pio\ided the indication for nephiectoiri}'- m approximately 28 per cent 
of the major lesions of the kidnej foi ndiich this opeiation has been 
necessar} In no instance m the series of approximate!} 574 cases in 
•which nephrectoni} was performed for renal tuberculosis during this 
period has subsequent uieterectom} been recorded Experience has 
shown that the meter, like the bladdei, rareh remains infected after a 
tuberculous kidne} has been remo\ed A search of the records at the 
iNIayo Clinic re\ealed onh one instance in which ureterectoni} was 
necessaiy aftei nephrectoni} for p}onephrosis Noncalcareous infec- 
tions of the ureter haie been demonstrated to be rarel} the cause of 
persistent pyuria subsequent to nephrectomy The most common cause 
of p}uria from a uietei on the side on which the kidne} has been 
remoied is hthiasis, and if pyuria is present the indications are clear for 
uieteiolithotoni} oi, pieferabl}, ureterectoni} 

Foreign Bodies — Steiens®'* stated that foreign bodies in the ureter, 
with the exception of stones, are rarely found Entrance into the 
ureter may be direct!} from outside the body or from the kidne}, 
intestines or bladder, the latter route being the most common Con- 
traction of the bladder or regurgitation may force or carri a foreign 
bod} from the bladdei into the ureter It ma} then traiel upward as 
high as the pelvis of the kidne} as a result of ureteral antiperistalsis 
and regurgitation Catheteis, bougies and other instruments should be 
caiefully examined for imperfections before the} are inserted into the 
ureter Stevens leported two cases of broken instruments in the ureter, 
one in which a segment of a ureteral catheter, and the other m which a 
filiform tip was broken off into the ureter 

[Ed Note — The dangeis of broken off bits of catheters and 
bougies being retained m the renal pelvis or ureter was well empha- 
sized by Stevens The care that should be taken in selecting perfect 
instruments of this Ape for ureteral insertion and, what is more impor- 
tant, the need for routine observation of the catheter after remoial, are 
obiious When such an accident occurs the patient should be hos- 
pitalized and the urine carefully obsen^ed for the missing part Further 
ureteral dilatation or e^en operation ma} become necessar} if the 
retained particle fails to pass spontaneously ] 

Ui etei ocele — O’Conor®® stated that m order to a\oid erroneous 
conclusions, ureterocele must be clearly distinguished from ureteral 
prolapse In his series of 19 cases the ages \aried from 19 to 60 }ears , 

34 Stevens, W E Foreign Bodies in the Effeter Report of Cases Cali- 
fornia & West j\Ied 32 104 (Feb ) 1930 

35 O’Conor, V J Ureterocele A Clinical Studi of Nineteen Cases J 
Urol 23 33 (Jan ) 1930 
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there were 12 women and 7 men The left side was aftected in 10 cases, 
the right in 4, and m 5 the condition was bilateral General clinical 
observations support the premise that narrowing of the ostium is the 
pnmaiy factor in its production The symptoms are vanable and 
depend largely on the chaiacter and extent of the lesion in the upper 
part of the urinaiy tract In treating the condition, transurethral or 
suprapubic coagulation of the cystic protrusion is most generally 
employed In unusual cases, especially if the ureterocele contains 
calculi, suprapubic excision may be advisable Nephrectomy should 
be reserved for cases in which injury to the corresponamg kidney has 
been irreparable When the condition is bilateral, coagulation of both 
sides should not be carried out simultaneously In these instances 
dilatation of the ostium or its enlargement by slitting has been attempted 
before proceeding with unilateral coagulation In addition, ureteral dila- 
tation was done in all cases until a no 12 French catheter could be 
inserted , this procedure was accompanied by appropriate treatment of 
the infection of the upper part of the urinary tract 

Hydi 0 -U 1 etei — Gruber,^® in a series of experiments carried out on 
dogs, observed that excision of the ureterovesical valve, the vesical 
portion of the meter, leads to the production of hjdro-ureter Removal 
of from two thirds to three fourths of the intravesical ureter does not 
render it incompetent to normal intravesical pressure changes Pro- 
gressive dilatation did not appear to change the activity of the ureter, 
both peristaltic and antiperistaltic contractions were observed The 
maximal pressure of the ureter during contraction was 28 mm of 
mercuiy The operation of meatotomy in human beings, performed 
through the operative cystoscope, is probably a safe procedure, as it 
appears unlikely that the entire valve will be cut during its performance 
In the study of hydro-ureter m two pigs obstruction was not noted, and 
the valves Avere found to be edematous and incompetent 

Iiidwelhng Iheteial Catheteis m Uimaiy Singeiy- — Gutierrez is 
of the belief that the indwelling ureteral catheter is the most valuable 
adjunct in urologic surgery, provided always that a correct diagnosis 
IS made before establishing treatment In acute clinical conditions, as 
111 calculous anuria, if the indwelling catheter fails to relieve the sjmp 
toms, surgical intervention should not be delayed One of the mos 
common incidents in nephrolithiasis or ureterolithiasis is the ca cu o^^ 
anuria or suppression of urine rvhich tends toward the development o^ 
uronephrosis and fatal uremia It has been proved that early operatn 

36 Gruber, C M The Function of the Uretero-Vesical 

Experimental Production of Hydroureters Without Obstruction, J m 
(Feb) 1930 . , 

37 Gutierrez, Robert The Value of Indwelling Ureteral Catheters m 
Surgerj, Surg G 3 mec Obst 50 441 (Feb) 1930 
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intei\ention gnet> bettei results ^^'atson and Cunningham in an 
analysis of 205 cases of calculous anuria, in which a group of 110 
patients was tieated expectantl} , lepoited deaths in 80 cases, a mortality 
of 72 7 pel cent, and m anothei group of 95 cases, m which operation 
was peifoimed, lepoited deaths in only 44 cases (46 3 per cent) 

The diagnosis must be accuiate and definitely clear because of the 
contiaindications to the use of the indwelling ureteral catheter in extra- 
renal 01 intraienal conditions wdien the pathologic process has become 
w^ell adAanced or does not communicate wnth the excietory apparatus, 
as in permephiitic abscess, cortical abscess of the kidney, or well 
ad\anced renal tubeiculosis oi hypernephroma Surgical intervention 
is the most imperative hope of cuie in the latter cases The catheter 
to be used for diagnosis is prefeiably a no 6 Fiench, and for routine 
treatment a no 7 or 8 French, of the type used m urography because 
it is more durable and flexible, and produces less discomfoit It is 
essential that the cathetei secure drainage, relieve pain and correct 
infection The fixed cathetei should be irrigated at least three times 
daily with a mild antiseptic solution In certain cases, when possible, 
twm catheters in the same ureter and continuous irrigation may be 
definitely indicated The catheter should be left fixed in place until the 
s^anptoms are completely relieved 

During operation the fixed ureteral catheter affords ready exposure 
of the ureter and facilitates any surgical procedure on the pedicle of the 
kidney After operation it will seive to secure drainage and prompt 
healing of the wound, wnthout leakage of urine or the formation of 
permanent fistula It will also serAe to divert the urine from the blad- 
der, particularly in operations on vesicovaginal fistulas, thus permitting 
the bladder to heal without infection from the urine 

[Ed Note — The use of the indwelling catheter as a means of 
securing renal and ureteral drainage m various forms of infection and 
obstruction is well established A few observers have offered a possible 
objection on the grounds that the catheter may produce pressure necrosis 
of the mucous and submucous tissues of the ureter with consequent 
sloughing In rare instances death has been attributed to this source 
Likewise it is well known that the presence of the catheter in certain 
acute cases seems to aggravate rather than to ameliorate the condition 
Nevertheless, if the indwelling catheter can be kept freely draining, 
if it is well tolerated by the patient from the standpoint of pain, and 
if there are no evidences of exacerbation of symptoms, then the placing 
of such a drainage tube in the urinary tract is undoubtedly a great 
factor in reducing infection and in saving kidneys that otherwase might 
have to be removed ] 
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Suigeiy — Keyes®® stiessed the impoitance of ple^entlng pelvic 
cellulitis by prevesical section as a pieliminary to suprapubic operation 
on the bladder The moitality from piehminaiy supiapubic cystotomy 
has been estimated at 10 pei cent At Bellevue Hospital, over a period 
of six years, 102 supiapubic cy^stOtomies weie performed preliminar} 
to prostatectomy, 32 of the patients died In anothei series of 
62 patients on whom a similar opeiation had been perfoimed by various 
suigeons, 9 (14 per cent) died Pelvic cellulitis was the predominant 
cause of death By prevesical section, peh ic cellulitis may be prevented 
As the first step of the proceduie a catheter is tied into the urethra, and 
bilateral vasotomy and pievesical section are perfoimed The pro- 
cedure IS as follows The prevesical space is opened through a median 
line incision and the distended bladdei is lecognized by palpation and 
by the veins visible beneath the posteiioi la3fei of the transversalis 
fascia This fascia is split appioximately in the median line and 
retracted laterally with the underlying veins The muscle of the bladder 
IS thus exposed fioni the upper edge of the pubes to tbe insertion of the 
uiachus and laterally for about a finger’s bieadth from the median line 
Thiee stout, plain catgut sutures aie then introduced into the wall of 
the bladder, care being taken not to pei f orate the mucosa One suture 
is inseited into the base of the urachus at the upper end of the denuded 
portion of the wall of the bladdei, and by it the bladdei is tied to the 
sheath of the rectus Two other sutuies are inserted into the wall, one 
on each side, at the edge of the denuded area, and are left long A 
gauze pad, wet with 1 1,000 solution of acriflavme, is then placed 
against the denuded portion of the muscle of the bladdei in the tri- 
angular space between the thiee sutuies The abdominal wall is closed 
in the usual mannei above the point wheie the bladder is affixed to it 
Below this point the muscle is pulled together by one oi two sutures so 
as to prevent its spieadmg, and a cornel of a gauze pad is pulled up 
thiough the incision in the skin, which is sutured aiotind it This drain 
age IS necessary as much serum is thiown out into the wound 
bladdei is not opened at this time The urethral cathetei supph^® 


diainage and decompression 

After the operation, low decompi ession is employed If no compi 
cations ensue, prostatectomy is perfoimed on the third oi fourth a} 
If the urethra will not tolerate the indwelling catheter, oi if the 
IS delirious and pulls the catheter out, or if his condition is 
to require prolonged drainage befoie the prostate gland is reiiioi 


38 Ke>es, E L Pelvic Cellulitis Following Suprapubic Cistotoim and Its 
Preiention by Pre\esical Section, J Urol 23 119 (Jan) 1930 
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the bladder maj^ be diained supi apubicalty at any time after twenty- 
four houis ha\e elapsed fiom the pievesical section^ with the assurance 
that pelvic cellulitis will not follow 

Supiapubic piostatectoni}'’ with the use of prevesical section has 
been pcifoimed on 29 patients without mortality Such preliminary 
section is desiiable not only because it eliminates postoperative mor- 
taht} but also because it does away with the interval of waiting for the 
patient to leco^el from pelvic cellulitis before prostatectomy can be 
done 

Supiapubic lithotomy for a laige stone is attended by high mor- 
taht}, uhich has been attributed to the poor renal function shown by 
these patients Pieliminai}'- tieatment does not affect the renal func- 
tion noi the infection of the bladder, death occurs from pelvic 
cellulitis Tianspeiitoneal C3'stotom3^ has been suggested as the safest 
route of appioach because it eliminates the iisk of such cellulitis 
Ke3es has perfoimed this transperitoneal operation successfully on 
several patients who would doubtless have not survived the suprapubic 
section 

Tnmoi — Kidd stated that the many attempts to perform complete 
cystectom3’- for carcinoma of the base of the bladder have not been 
encouraging because of the high immediate mortality due to shock, 
sepsis and chionic uiemia The condition of the few patients who 
ha\e survued the operation has not always been satisfactory The 
operation has been most successful when the ureters were transplanted 
to the skin and the bladder was removed at a second operation The 
operation has been attended by the highest mortality when attempts 
have been made to diveit the ureters into the rectum and remove the 
bladder either at the same operation, which entails considerable shock, or 
at a second opeiation, which entails increased difficulties from adhesions 
caused by the fiist operation Kidd performs cystectomy for carcinoma 
of the base of the bladder with resection of both ureters, and 3'-et leaves 
the patient with a functioning bladder In some of these cases there is 
usually present on one lateral wall and towaid the apex of the bladder 
a healthy portion of mucous membrane This is sacrificed in the usual 
operations for total C3"stectom3^ but by Kidd’s technic it is used as a graft 
or plastic flap to make a new bladder, into which the resected ureters 
can be made to empty their effluents This operation has been carried 
out m two cases with success and it is hoped that it may eliminate 
the dangers and disadvantages of the older methods of cystectomy 

In one case, at operation, the growth was cut away quickly, and no 
attention was given to bleeding points, which were dealt with at a later 

39 Kidd, Frank Cystectomj for Carcinoma of the Bladder-base v ith Restora 
tion of Bladder Function, Brit J Urol 1 380 (Dec)) 1929 
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stage There remained a healthy portion of the right lateral and 
superior wall of the bladder supplied with blood by the intact right 
vascular pedicle of the bladder and still attached to the right lateral 
wall of the pelvis, and the two ureters cut across and lying loose on 
the pelvic floor The bladder was i econsti ucted as follows Into each 
ureter was inserted a special implantation catheter devised for use m 
resection and transplantation of the ureters into either the bladder or 
bowel or onto the skin Two ligatures of catgut were then tied tightly 
aiouiid the ureter By this device the ureteral catheters were fixed 
firmly by the ligatures into the mouths of the meters, )et the urine 
was m no way prevented by the ligatures from escaping freely fiom the 
mouths of the catheters The ligatures sealed the l}mphatics of the 
ureters, thus closing the path of ascending infection during the process 
of healing The ligatures weie left long and used at a later stage 
for fixing the ureters where it is desired to do so The two ureteral 
catheters were pulled out through the uiethra and left emeiging from the 
penis The two ureters weie left high and dry running across the 
floor of the pelvis, and their ends weie appioximated to the severed 
posterior end of the urethra by means of the catgut hgatuies that fixed 
them to the ureteral catheteis With the help of several catgut stitches 
the front portion of the right lateral wall of the bladder was drawn 
inward beneath the two ureters and attached to the tissues on the floor 
of the pelvis to the left of the rectum It was then possible to draw 
the hinder or upper portion of the flap of mucous membrane of the 
bladder underneath the ureteis to the left side of the pelvis and bring 
it around on the left side and stitch it loosely by two catgut stitches 
to the upper anterior portion of the light lateral wall of the bladder In 
this way the ureters and the tube weie more or less surrounded by a 
plastic flap of mucous membrane The operation was pei formed m 


one houi and fifty minutes 

The patient recovered from the shock of the operation He had a 
certain amount of fever from the seventh to the thirteenth day cause 
by stitch abscesses in the upper portion of the wound, during i 
lemainder of the illness there was no mciease in temperature 
ureteral catheters drained cleai urine, free fiom pus, and weie taken out 
on the nineteenth day A suprapubic tube could be inserted througi 
the supiapubic sinus into the new bladder and could be left in pa 
Lavage was carried out through the urethral catheter and suprapu 
tube for a week On the twenty-ninth day the tube and catheter w^^ 
removed, and the bladder was washed out daily with silver nitrate 
the thirty-third day the patient began to urinate naturally and 
On the forty-third day, the suprapubic wound was healed an 
catheter was removed Fiom then on the patient passed urine 
and easil}’’ through the penis He had complete continence an 
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letain mine foi ti\o horns as much as 120 cc passed at one time Avith 
a good stream Five months latei he was able to retain urine from 
two to thiee houis there w'as a good stieam, no incontinence and no 
ematui la 0 )ii1a a tiace of pus was found in the urine There was no 
thickening of the base of the bladder to be felt by rectal examination 

j\IacKenzie ie\iewed fiom the liteiatuie 21 cases of small round 
cell saicoma of the bladdei to wdiich he added a case of his owm, making 
a total of 22 A maiked difterence in the age incidence was noted in the 
two sexes In 9 of 20 cases m which the site of the tumor w^as men- 
tioned It was situated aiound the trigone on the base of the bladder and 
aiound the Aesical neck Six weie on the lateral walls, extending down 
to and in some cases im^ohang, a ureteral orifice, and 4 were on the 
loof or posteiior w^all of the bladder In 7 of the 22 cases, operative 
ti eatment had not been gn en, or it was not stated In 5 cases palliatn e 
cxstotoni} (3 suprapubic and 2 perineal), and in 1 case palliatne 
uieteiostom} A\as perfoimed, in 1 case in w’-hich diagnosis w’’as made at 
CAStoscopic examination, a specimen was removed foi examination In 
1 case the tumor w^as removed through the \agina and radium was 
applied In the othei 7 cases a radical attempt w^as made to remoA e the 
giOAvth The results in all cases aacic extremel} poor Only 1 patient 
AAas cuied This patient is alu^e and aa^cII nine years later In mam 
of the cases, death folloAA'ed immediately or a feiv da}s after the oper- 
ation Eight patients died Avithin three months of operation Two of 
the patients not operated on In'^ed tAvo and scA^en years, respectnel} 

Beer^^ reported S cases of total C3Stectomy and partial prostatec- 
toniA for infiltiating carcinoma of the neck of the bladder, AAuth onl\ 

1 death (12 5 per cent) In 7 cases in wdiich the operation was done 
b} the extraperitoneal pioceduie AAoth implantation of the ureter into 
the skin, there Avas no mortality The patient Avho did not surA ia e died 
ten days after the operation Avith infection of the left kidne) due to 
implantation of the ureters into the sigmoid Of the 7 patients who 
surA lA’-ed, 1 patient In^ed five } ears, 1 lived nine months, 1 Avith leioiuA o- 
sarcoma Ined tAvo months and the remaining 4 patients are still alne 
four years, one and a half years, seAcn months, and six months 
respectively, after operation Since ail of the patients of this series 
weie males. Beer’s technic is applicable to that sex 

Beer concluded that the mortality of extrapei itoneal remoAal of the 
bladder wuth the adjacent prostate gland is not piohibitn'e and the 
operation can be done in one step Avith implantation of the ureters into 
the skin AAuthout undue risk to the function of the kidncA Each 

40 MacKenzie, D W Small Round-cell Sarcoma of the Bladder vith 
ReA'iew of the Literature, Brit J Urol 1 359 (Dec ) 1929 

41 Beer, Edwin Total CystectomA and Partial ProstatectomA for Infiltratme 
Carcinoma of the Keck of the Bladder A-nn Surg 90 864 (So\ ) 1929 
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though the patients are obliged to wear an appaiatus for the collection 
of urine, the}^ aie lelieved of their original painful condition, are 
lendeied fairly conifoi table and aie well able to get about 

[Ed Note — Total cystectomy would seem to offer the best oppor- 
tunity for cure in cases of widespread carcinoma of the bladder which 
are iriesectable with the bladder m situ C H Mayo and Hunt, stimu- 
lated by the work of Coffey, have recently been perfecting the technic 
of ureteial transplantation into the sigmoid Then results have been 
encouraging If this method of shunting the urinary stieam proves 
practicable, it would seem to offer a bettei mode of disposing of the 
output of urine than that of tiansplanting the ureteis into the skin, as 
practiced by Beei Regardless of the method of choice for subsequent 
drainage of the uiine, the contention that total radical removal of the 
bladder and pi estate gland foi widespread malignancy will be followed 
by a higher percentage of cuies seems well established in the light of 
early expeiience with the method ] 

Young stated that in radical resection of infiltrating tumors the best 
results have been obtained at the vertex and adjacent portions of the 
bladdei In such cases, if the peiitoneum orerlies the site of the tumor, 
It has been his piactice to open the peiitoneal cavity and carry out resec- 
tion at a point distant from the growth In this way a sufficiently wide 
aiea of peritoneum is removed m one piece wnth the wall of the bladder 
In cases of tumor of the posterioi wall of the bladder not involving the 
veitex, the mtiapeiitoneal operation is often not satisfactory, because 
of the difficulty of reaching the peritoneum in the deepest part of 
Douglas’ pouch and the bladder below that point 

Young recently employed a new procedure m which the tumor of 
the posterior wall of the bladder with its peritoneal coat is resected 
entirely through an intravesical operation The technic is as follows A 
long median-hke incision is made from the pubes almost to the uinbihciis 
and recti muscles separated in the median line and widely retracted 
Incision IS made into the bladder in the median line rather close to the 
prostate gland, and carefull}^ enlaiged above and below and widey 
retracted until a good view of the interior of the bladder is obtainec 
The ureters are then located and their proximity to the tumor and its 
infiltrated base determined The area of removal is demarcated 
placing eight Allis clamps in cardinal positions around the tumor, an 
a distance of at least 1 5 to 2 cm from its outermost invasion Ma 
ti action on the upper clamp, a transverse incision is made with t^^^ 
scalpel through the mucosa, submucosa and muscle of the bladder un 

42 Young, H H Treatment of Certain Vesical Neoplasms 959 

Resection of the Entire Bladder Wall with the Peritoneal Coat, J m 
(Feb) 1930 
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the outei suiface of the pentoneum is lecognized This is then picked 
up mill two Allis clamps and divided tiansveisely with a knife The 
lesection is earned out bi scissois on each side, going well awa} from 
the mass and external to the Allis clamps When the loner poition to 
be lesected is leached if it is found to extend beyond Douglas’ pouch, 
the peritoneum is dnided tiansversely at the depths of the culdesac, and 
lesection continued on downnaid and acioss the loweimost aiea selected 
foi lesection Thus the mass, with its pentoneal coveimg is removed 
in one piece 

B} such exposuie it is possible to include letrovesical and pen- 
uieteial stiuctiues m a moie ladical manner than when complete mobili- 
zation of the posteiioi and lateral walls of the bladder and the delueiy 
of the bladdei exteinalh has been earned out 

Schullei stated that the efficacy of radiotheiapy in uiology is not 
standardized In his expeiience, 3 papillomas of the bladdei reacted 
far 01 ably to deep applications, and in 1 case, an appaiently lecuiient 
papillary caicmoina of the trigone disappeared aftei the mseition of 
radium needles, follow ed by the use of deep applications He concluded 
that papillomas of the bladder aie amenable to roentgen tieatment, and 
that such tieatment should be tried m cases in wffiich resection is impos- 
sible and befoie uieteial tiansplantation to the bowel is undei taken 

Exhavesical Tuinois — Hochloft ** reviewed 106 cases of carcinoma 
of the ceivix m wdiich he had made cystoscopic examinations These 
w^ere divided into three gioups Group 1 consisted of cases m wdiich the 
mucous membiane w'as nonnal or there was hyperemia of the tiigone, 
folding of the walls and tiny hemoirhages m the mucous membiane 
Group 2 consisted of cases in which the cystoscopic picture w^as bullous 
edema of the trigonal mucous membrane and othei areas of the bladder 
The ureteral oiifices were usually raised on a swollen backgiound and 
their contoui w'^as changed Group 3 consisted of cases of diftuse, 
squaie-shaped areas of edema of the mucous membrane, especialh o\er 
the area of the trigone, making it almost impossible to find the uieteial 
orifices In other cases the orifices weie somewhat tilted and sunounded 
by an edematous hypeiemic wall Dilatation of the blood vessels m the 
mucous membrane were characteristic of the cases in groups 2 and 3 

In group 1 no difficulties w'ere found at operation in the parametral 
tissues In group 2 difficulty not infrequently arose in freeing the 
ureter The uterus was only slightly movable and there w^as infiltration 
of the adjacent connective tissues In group 3 usualh diftuse spreading 
of the carcinoma into the rvall of the bladder was found 

43 Schuller, Hugo Zur Radium- und Rontgentherapie in der Urologie 
Ztschr f urol Chir 27 374 (July) 1929 

44 Hochloff, A W Zur Wertung der Chromocj stoskopie beim Carcinoma 
colh uteri, Ztschr f urol Chir 27 438 (Juft) 1929 
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Ruptwe — Campbell^® stated that rupture of the bladder occurs 
rarely but the condition is diagnosed with difficulty and the mortality, 
therefore, is high In many instances the diagnosis is made only at 
operation oi at necropsy Of 55 patients treated m Bellevue Hospital, 
35 (63 6 per cent) died, a mortality rate which is in accord with other 
observations More than 90 per cent of the ruptures occur in males Of 
the patients suffer mg from mtraperitoneal involvement 26 (73 5 per 
cent) died, only 9 (42 9 per cent) of those with extraperitoneal involve- 
ment died The operative mortality of the group with extraperitoneal 
involvement was 40 per cent , of the group with mtraperitoneal involve- 
ment, 68 per cent A summary of reports of cases from the literature 
indicated that from 60 to 80 per cent of patients die even under the 
most favorable surgical conditions 

Distention and alcoholism and other foims of mental irresponsibility 
are important predisposing causes of vesical rupture In 19 cases, the 
ruptures occurred during acute alcoholism In 9 cases (16 per cent), 
the rupture was due to injury by automobiles, 8 of these patients were 
pedestrians In 11 cases, the ruptuie followed a fall Apparently the 
distance fallen is comparatively unimportant, 1 patient who died fell 
only 4 feet Another, who lived, fell a distance of eight floors In 12 
cases, the rupture resulted from ciushmg injuries Associated pelvic 
iiacture occurred m 20 cases In 166 cases of fracture of the pelvis 
occurring over a peiiod of nine yeais, there was vesical lupture also m 
25 (15 per cent) In 3 others, rupture of the posterioi urethra had 
occurred 

In most cases of rupture of the bladdei, shock follows the injury, 
one fourth of the 55 patients were in shock, were comatose, or were 
moribund The general appearance and pltysical condition of many of 
these patients strongly indicated internal hemoi rhage Involvement ot 
the urinary tract is suggested by local tenderness of the bladder, dysuria, 
hematuria or absolute inability to urinate If mtraperitoneal rupture 
has occurred, eaily symptoms of peritonitis may be present Abdominal 
tenderness and rigidity appear first, then nausea and vomiting Extra- 
peiitoneal rupture was found in 21 cases, whereas mtraperitoneal rup 
ture with free urine m the abdominal cavity was observed in 34 Mar e 
abdominal rigidity was present m 22 cases, and unusual distention was 
seen m 31 

The emergency condition of most of these patients precludes pro 
tracted diagnostic proceduies Catheterization is the most common} 
employed and one of the most inaccurate diagnostic tests Often 
IS no return of urine, or a small amount of blood may be withdrawn 

45 Campbell, M F Rupture of the Bladder A Clinical Study of Fift} -Foe 

Cases, Surg G 3 mec Obst 49 540 ( Oct ) 1929 
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times a laige amount of urine will flow, more than the apparently unclis- 
tended bladder would indicate, which signifies drainage of an abdominal 
cavity filled with mine The injection of a measured amount of fluid 
and the estimation of its letuin should always be attempted, although 
this method is not absolutely accurate If the catheter has penetrated 
an abdominal pool of urine, a largei quantity of fluid will be withdrawn 
Diagnostically, this constitutes the most significant of any of these obser- 
vations Catheteiization, although used in 41 cases, was of diagnostic 
Aalue 111 only 13 In almost all cases, mine containing blood was with- 
diawn When plij'^sical conditions peimit, cystoscopic examination is 
the most accmate method of diagnosis 

Opeiation should be pei formed as soon as the diagnosis of ruptuied 
bladdei is made Anesthesia by nitious oxide and oxygen or by ethylene 
is preferable in most instances Spinal anesthesia is contraindicated m 
the piesence of marked rasculai depression with low blood piessuie In 
most cases intiapentoneal exploiation is indicated Opeiative speed is 
essential If no CMdence of urine within the peritoneum is found the 
peritoneum is closed and the inteiioi of the bladder is investigated If 
peritoneal involvement is piesent, such fluid as is readily obtained is 
aspirated and ample diams aie left in place Flushing out the abdominal 
cavitjy with solution of sodium chloride or medicated solutions, is 
inadvisable as it wastes time and disseminates infection The vesico- 
peritoneal tear is hastily closed by a minimum of sutuies firmly grasping 
the musculature of the bladder It is unnecessary to attempt to suture 
the layer of muscles of the bladdei Libeial suprapubic drainage of the 
bladder is of prime importance Campbell uses a three-fourth inch tube 
for this purpose With free drainage, bleeding and extravasation will 
stop at once and smallei unsutured bladder wounds will heal readily 
Penetrating wounds caused by the bonj'^ spicules of pelvic fracture are 
rarely large enough to lequire suture Bony spicules, stones or other 
foreign bodies in the bladder should be lemoved while it is open 

Of 20 patients who were operated on and surwved, 5 were able to 
leave the hospital in less than three weeks , 6 left in from three to six 
weeks , 5, in from six to twelve weeks, and 4 remained in the hospital 
more than three months The longest stay was six months Of the 35 
patients who died (10 of whom were not operated on), 2 lived less than 
ten minutes after admission to hospital Ten died within the first twenty- 
four hours , 14 died within three days, and all but 4 died m less than 
one week One li\ed eight months Campbell concluded that if the 
patient survives the first week, a fan prognosis is likely In all cases a 
grave prognosis is warranted during the first week 

[Ed Note — Since rupture of the bladder is a condition which the 
average urologist encounters infrequently, this report from a clinic m 
which a large ^olume of work is done on patients suffering from trauma 
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IS of more than passing interest Campbell emphasized mental incom- 
petence, distention of th? bladder and a vaiiable type of trauma as the 
factors usually associated m producing the condition The urgent need 
for immediate diagnosis as well as the difficulties encounteied in making 
oneself certain of the existence of the lesion are well outlined The 
necessity for prompt surgical intervention in the intrapentoneal types of 
rupture and the early avoidance of opeiation in vesicorectal and vesico- 
vaginal luptures are in keeping with good judgment accoiding to Camp- 
bell’s experience ] 

Siihnnicon<; Cystitis — Donohue stated that there aie two separate 
and distinct etiologic factors concerned in the pioduction of submucous 
cystitis extension fiom long-continued or lecuirmg infections of the 
mucosa of the bladder, and dissemination from mflammatoiy foci in 
structures outside the urinaiy tract Lesions representing extensions 
from infections within the bladder aie usually extensive, the condition 
of contracted bladder being the common sequel When submucous 
cystitis IS the result of embolic hematogenous bacterial invasion, the 
lesions are usually well localized, the remaindei of the bladder retaining 
its elasticity and tonus Beneficial results cannot be assured in treating 
extensive lesions of either type of submucous^, cystitis Lesions which 
are not extensive and well localized legularly lespond to appiopriate 
treatment 

[Ed Noie — Donohue difiteientiates submucous cystitis as due to 
long-continued or lecurrmg infection of the bladder oi due to focal 
infection, according to the concept of Hunnei Whether the formei 
should be included as tiue submucous cystitis was challenged during the 
discussion of this paper The mam point stiessed by Donohue and 
with which urologists of experience aie in accord is the deplorable 
inadequacy of present methods of treatment, such as resection, fulgura- 
tion, and overdistention No one suffers more or can be offered less 
than a patient afflicted with this disease ] 

Pei foi ation — Wilhelm stated that perforation of the bladder dur 

mg cystoscopic examination occurs moi e f i equently than the few reports 
m the literature of a similar condition would indicate Cystoscopic 
examination should not be attempted m the case of unruly and uncooper 
ative patients, and it is hazardous to perform it under gas and oxygen 
anesthesia The introduction of fluids or gases into a perforated blad 
for diagnostic purposes is a dangerous and unreliable piocedure Diag 
nosis of this condition should be made by means of the clinical historj 
The differential diagnosis of intrapentoneal and extraperitoneal per or 

46 Donohue, P F Submucous Cj^stitis, J Urol 22 465 (Nov ) 19^ 

47 Wilhelm, S F Perforation of the Bladder During Cystoscopic 

ination, J Urol 22 555 (Nov ) 1929 
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tjon IS difficult, if not impossible, and in cases of doubt exploratory 
laparotomy should be performed When the perforation is into the 
rectum or vagina, the treatment is nonoperative Immediate surgical 
intervention is indicated in all other cases of perforation of the bladder 

PROSTATE 

Hypci t) ophy — ^Takeichi found that the conservative use of radium 
in the treatment of prostatic hypertrophy affords good results Improve- 
ment in urination and a definite receding in the prostatic swelling were 
demonstrated Complications were not observed during the course of 
the healing processes 

Cmcuioma — From the reports of the Necker Clinic, Dossot 
studied 154 cases of carcinoma of the prostate gland, including 82 his- 
tologic examinations of the operative specimen and 63 reports on 
necropsies Prostatic adenoma plays an important part m the patho- 
genesis of numerous carcinomas, m 116 per cent of cases malignant 
transformation was noted Two types of prostatic carcinoma should be 
distinguished urethroprostatic adenocarcinoma which develops from 
the adenomatous glands of the prostatic urethra, and true carcinoma of 
the prostate gland which develops from the gland itself Among 134 
cases of pnmaiy carcinoma there were 61 urethroprostatic adenocar- 
cinomas, 17 adenomas suspected of degeneration, 46 true carcinomas of 
the prostate gland, and 6 probable true carcinomas with adenoma In 13 
cases the nature of the carcinoma was not specified Caicmoma and 
adenoma were found associated in 58 7 per cent of cases 

Geraghty, m a senes of 450 prostatic carcinomas, noted its associa- 
tion with h3'pertroph3’’ in 75 per cent of cases, but it is his belief that the 
two conditions are absolutely independent Shaw, in more than 1,000 
operative specimens of carcinoma of the prostate gland examined at 
Johns Hopkins Hospital, found onl3 2 cases m which the carcinoma 
developed m the middle of the h3^pertrophied lobule 

Extension m carcinoma of the prostate gland occurs earl3 , and before 
it can be recognized clinically the carcinoma has extended far beyond the 
limits of the gland and Jias invaded the peh ic and abdominal I3 mph 
nodes 

Prostatectomy and irradiation have given onh mediocre results, and 
cures of more than three years are unusual True cures can onh be 
obtained m cases m which operation is performed nith a diagnosis of 
adenoma and m which histologic examination shows the existence of 

48 Takeichi, T Erfahrungen mit der Raduimtherapie bei Prostatahi pertro- 
phie, Japan Ztschr f Dermat u Urol 29 31 (Jan ) 1929 

49 Dossot, Raymond Cancer of the Prostate Its Origin and E\tcnsion 
J Urol 23 217 (Feb ) 1930 
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caicinoma When carcinoma has progressed to a recognizable stage, it 
IS generally extensive With the present state of knowledge of car- 
cinoma of the prostate gland it is advisable to limit effoits to palliative 
treatment, such as the passage of sounds and c} stostomv 

TESTIS AND EPIDIDYMIS 

Senunal Vcsiculcctoviy — Gutieriez®° reviewed the lesults of opera- 
tion on 100 mentally defectn e patients for definite pathologic lesions of 
the seminal vesicles The operations had been performed six lears 
pieMously In 98 cases, bilateral seminal vesiculectomy was performed 
and in the othei 2, vesiculotomy and prostatotomy Ether and gas were 
used for anesthesia All the patients of this series recoveied unevent- 
full}'- both from the immediate tiaumatism of the operation and from 
the geneial condition Perineal or rectal fistula has not been seen, nor 
has epididymitis oi an} other common urologic complication occurred 
The membranous urethra, although exposed during the operation, was 
not opened m any instance Deaths did not result from the operation, 
although there weie 8 deaths due to different causes, occurring at an 
average time of two years and three months after operation On 
1 eexamination of the patients, the ampulla was found to be patent and 
easily palpable by lectum in moie than 21 per cent of the cases Sexual 
function was apparently unchanged m most instances Of the specimens 
lemoved at operation, 38 per cent showed infection or positive culture 
Histologic sections revealed the presence of inflammatory changes of 
chionic vesiculitis in many cases Fort} -eight per cent of the patients 
were dismissed from observation or were definitely improved; 52 per 
cent remained mentally unimproved The elimination of foci of infec- 
tion IS especially worthy of consideration in dealing with mentall} 
defective patients 

Saotal Gangjene — Gibson®^ reported a case of idiopathic gangrene 
of the scrotum The onset was sudden, without apparent cause, and w'as 
accompanied by extieme toxemia The gangrene spread rapid!) froni 
the scrotum along superficial planes to the axilla The patient died four 
days after onset, piesenting the typical pictuie of a severe case of 
gangrene Necropsy did not leveal a cause of the disease 

Two hundred six cases were reviewed from the literature The nior 
tahty of the group was 26 7 per cent The three mam characteristics o 
the symptoms of the disease were the sudden appearance of the pi^ 

50 Gutierrez, Robert Later Results of Surgery of the Seminal t 
Report of One Hundred Consecutive Seminal Vesiculectomies, T A ^ 

1944 (Dec 21) 1929 f 3 

51 Gibson T E Idiopath-ic Gangrene of the Scrotum with Report 
Case and Review of the Literature, J Urol 23 125 (Jan ) 1930 
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nomena in the midst of apparent health, the rapid evolution of mortifica- 
tion, and the apparent total absence of any of the usual causes of 
gangrene The process spreads frequently upward from the scrotum 
along superficial fascial planes and may extend to the axilla In many 
cases no external lesion or disease of the genito-urinary organs can be 
discovered to explain the origin of the infection Two theories may be 
considered as to its inception a slight external scratch or abrasion 
unknown to the patient at the time serves as a portal of entry for the 
infecting organisms, or a minute lesion, such as an infected node in the 
urethra, is the starting point of the infection The disease is subject to 
considerable variation in virulence, patients die as early as thirty-six 
hours and as late as thirty-three days after onset Gangrene usually 
appears about three days from the onset of symptoms 

Treatment in general should be similar to that used in cases of 
extravasation of urine, that is, incision and disinfection Because of the 
undoubted anaerobic nature of some if not all. infections of the external 
genitals accompanied bj^ gangrene, the use of antigangrenous serum or 
anaerobic antitoxin should be given a trial Even though the whole 
scrotum sloughs awaj , satisfactory regeneration will take place 

Dislocation of the Testts — Alyea stated that cryptorchidism occurs 
m from 0 1 to 0 2 per cent of all young adults Aberrant migrations of 
the testis are less common than cryptorchidism The congenital perineal 
testis IS the most common type , more than 100 cases have been reported 

Twenty-three original cases of traumatic dislocation of the testis 
were found to be reported in the literature, to which Alyea added 2 
cases The resultant position of the dislocated testis is dependent on 
anatomic abnormalities, on obstruction to dislocation in particular direc- 
tions and on the direction and force of the blow In most cases the 
etiologic factor was the passage of a wheel over the genital region , this 
was followed by severe shock, local pain, and nausea and vomiting 
Diagnosis was usually simple after the disappearance of traumatic swell- 
ing Treatment was satisfactory , reduction without open operation was 
accomplished in three cases, and open reduction was performed in 
16 cases 

Herniation or compound dislocation of the testis would seem to be a 
condition likely to occur in many industrial accidents, but only 3 cases 
are leported One of the 2 cases presented by Alyea is of this type 
Prognosis in all cases is excellent 

Tube} culosis — Wang stated that it is difficult to e\aluate the 

results of treatment with tuberculin, particular!} when it is part of a 

52 Alyea, E P Dislocation of the Testis, Surg G\nec Obst 49 600 (No\ J 
1929 

53 Wang, S L Tuberculin Therapj in Urologic Tuberculosis, JAMA 
94 235 (Jan 25) 1930 



360 


ARCHIVES OF SURGERY 


general course of treatment Other factors, such as the natural tendency 
of most patients to improve after operation and the periods of latency of 
symptoms which occur with both inoperable and postoperative cases of 
tuberculosis of the genito-urinary tract must also be considered In a 
series of 55 cases of inoperable, postoperative and preoperative tubercu- 
losis m which lesions were localized in the genito-urinary tract, an effort 
was made to ascertain whether the patients were benefited by tuberculin 
treatment, according to the plan that has been carried out Of the 55 
patients, the condition of 39 was improved, of 8 it seemed stationary, 
and of 7 it was retrograde One patient died Besides the tuberculin 
treatment, these patients received mercury-vapor-quartz light and other 
treatment It could not be determined which of these procedures was 
the most favorable, but tuberculin appeared to have been helpful In 
the three years during which the tuberculin had been administered it 
was evident that there were few, if any, standards for its use in this 
form of tuberculosis Tuberculin is not a cure for tuberculosis of the 
genito-urinary tract, as demonstrated by the time and extent of its 
usage, but there is considerable evidence that it aids m building up the 
general health of the patients In the treatment of patients with 
inoperable conditions following operation, it has seemed to be a helpful 
factor 

PENIS 

Leukoplakia — Fukai reported on the rare occurrence of leuko- 
plakia or leukokeratosis of the penis He found reports on only 43 
cases in the literature since the first case reported by Perrin in 1892 
Recently he had observed 6 such cases Usually the lesions occur in 
congenital phimosis The process begins as a small wartlike structure, 
but later becomes diffuse and covers the glans and the inner lining of 
the prepuce One case progressed to the formation of carcinoma of 
the urethra 

URETHRA 

Bleeding — Ghngar differentiated spontaneous hemorrhage from 

the meatus If spontaneous bleeding is from the external meatus, it is 
definitely an anterior urethral hemorrhage Hemorrhage during 
micturition is a form of significant hematuria It is important to 
mine whether the blood originates from the urethra and from w ic 
specific portion Initial hematuria signifies urethral bleeding without 
definite localization , terminal hematuria means bleeding above the 
nal sphincter, although, under some conditions, bleeding from 

54 Fukai, A Leukokeratosis glandis et praeputii penis, Acta dermat 
528 (June) 1928 

55 Ghngar, A Pathologie und Ther&pie der Harnrohrenblutungen, 

f Urol 23 81, 1929 
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anterior urethia ma} simulate terminal bleeding, whereas total hematuria 
leaves all* possibilities open Foi topographic diagnosis endoscopic, 
urethioscopic and cystoscopic examinations are necessary Ejaculatory 
bleeding is one of the causes of hemospermia Experience has shown 
that bleeding associated with defecation occurs in the posterior part of 
the uiethra 

URINARY ANTISEPTICS 

Kaufman stated that in the treatment of infection of the urinary 
tract the importance of drainage should be recognized Water is essential, 
vith certain physiologic aids, m combating pyrexia, toxemia and renal 
failure 

The purpose of urinarj antiseptics is clearly established on both 
scientific and clinical grounds m the treatment of acute and chronic 
infections Clinical cure is obtained in acute pyelonephritis and cystitis 
by alternate alkahnization and treatment by acid hexamethylenamine 
This treatment does not usually bring about actual sterilization of the 
urmar^’^ tract In chronic urinary infections, including those without 
serious organic lesions and those in which infection persists after 
operatiy^e removal of organic lesions, urinary antiseptics are promising 
aids No single antiseptic has been found which is universal 

Hexamethylenamine is of definite value, particularly as a prophylactic 
against infection in instrumentation of the bladder, in the simpler forms 
of acute infections, and in general routine postoperative care Kaufman 
expressed the belief that acidifiers should always be used and found that 
a safe combination was phenyl salicylate, methenamine and sodium 
benzoate Intravenous therapy offers an opportunity for prompt concen- 
tration of the antiseptic Mercurochrome-220 soluble, if used intra- 
y^enously in effectn^e dosage, produces severe reactions For local use, 
mercurochrome is the most effective for actual sterilization, especially in 
operative cases For general use, acriflavine yvas observed to be better 
tolerated although apparently less efficient It is Kaufman’s belief that 
mercurochrome is superior to acriflavine in the treatment of staphylo- 
coccus infections, as well as in chronic infections from colon bacillus 
Silver nitrate is invaluable in actively stimulating repair, a factor yvhich 
may materially assist in sterilization of the urinary tract Boric acid is 
a passage antiseptic, indispensable for cleansing, it does not irritate and 
is climcall)'’ satisfactorj^ 

Thomas and Wang studied six compounds, none of yvhich could 
be considered as an ideal urinary antiseptic When mercurochrome is 

56 Kaufman L R A Clinical Consideration of Urinary Antiseptics, J Urol 
22 163 (Aug) 1929 

57 Thomas, B A , and AVang, I K Studies on the Comparatne Clinical 
Values of Various So-Called Urinary Antiseptics, J Urol 22 22 (July ) 1929 
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given in dosage of 300 mg three times daily by mouth in salol-coated 
pills “about 30 per cent of the uiine from the bladder will become 
antiseptic ” Hexylresorcmol administered in 25 per cent olive oil in 
dosage of 0 6 Gm three times a day has the same disadvantages as 
mercurochrome, and the antiseptic value m the urine is much less 
Fifteen grains (0 97 Gm ) of hexamethylenamine three times daily 
frequently caused indigestion, and the bactericidal effect on the urine 
was not certain The germicidal strength of methylene blue was higher 
than expected, but the dye did not usually produce sufficient concentra- 
tion 111 the urine to be of antiseptic value Pyridium administered in 
dosage of 02 Gm three times daily by mouth proved to be a weak 
antiseptic, and its action against the colon bacillus was practically value- 
less Salol has no standing as an urinary antiseptic, since the phenol 
content excreted m the urine never reaches a germicidal strength It 
apparently rendered the urine bland and less irritating to an inflamed 
urinary tract, thereby giving a certain amount of comfort to patients 


[Ed Note — One must conclude from this and from other recent 
studies of the comparative value of urinary antiseptics that they are still 
far from ideal No drug is as yet available which will render the urine 
strictly bactericidal in vivo We are forced to the conclusion that in 
chronic infections of the urinary tract we must consistently rely on the 
methods of instrumental drainage and lavage as a means of therapeutic 
attack ] 


UROLOGIC CONDITION IN EARLY LIFE 

Stevens reviewed the histones of the last 9,115 patients admitted 
to the pediatric department of Stanford University Hospital and found 
that 205 suffered from one or more pathologic conditions of the urinary 
tract One hundred six of the 205 patients were males and 99 females 
Pyelitis occurred in 74 cases, nephritis in 35, phimosis in 28, undescende 
testis in 13, cystitis in 11, enuresis in 10, pyonephrosis m 6, urethra 
stricture in 5, nephrolithiasis in 3, redundant prepuce m 3, hydroceles m 
4, and tuberculosis of the kidney m 2 In infancy and childhood pyehtis 
IS the most common pathologic condition of the urinary tract 
occurred in almost a third of the patients and was found about four an 
a half times as often in females as in males , 

Urinary calculi are frequently observed during infancy and c i 
hood They are found more often in the lower part of the 
tract, although they usually originate m the kidney In 2,313 repo^ 
cases of pathologic conditions of the urinary tract, renal 
found in 1 1 cases, ureteral calculi in 4 cases, vesical calculi in 
and urethral calculi in 1 case Although stricture of the urethra o 

58 Stevens, W E Diseases of the Urinary Tract During Infancy and 
hood, J Urol 23 61 (Jan ) 1930 
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gonorrhea is rare in children, congenital strictures or stenoses m 
both sexes are not uncommon They occur usuallj at the external 
meatus 

The same urologic procedures that are used in adults are indicated 
for the diagnosis and treatment of diseases of the unnar} tract m 
infants and children Postponement of treatment often results m 
permanent injury to the kidneys or other unnar}'' organs The general 
practitioner, pediatrician and urologist should cooperate to the utmost 
in the investigation and treatment of pathologic conditions of the urinan 
tract during infanc} and childhood 

EN'URESIS 

Horton reviewed the subject of enuresis and its treatment, par- 
ticularly with reference to cases occurring in families compelled by 
economic circumstances to live in small crowded homes, where the 
problem presents, in addition to clinical aspects, a sociologic side Five 
per cent of the total number of children attending the Children’s Out- 
Patient Section of the London Hospital in one year suffered from 
enuresis 

In a study of 60 cases an endeavor was made to discover anv com- 
mon factor in its incidence and to attempt to obtain a quicker response 
to treatment by simple ps}chologic methods in conjunction with the use 
of belladonna There were 23 boys and 37 girls in the series , 56 per 
cent of these ivere aged between 5 and 8 years on their first examina- 
tion Fifteen per cent of the children w'ere aged more than 9 years, and 
28 4 per cent were between 3 and 5 years In 41 6 per cent of the cases 
enuresis dated from infancy and in 57 4 per cent the onset occurred 
after control of urination had been established over var}nng periods, 
from one month to seven years A family histor}^ of enuresis was gnen 
m 56 6 per cent of the cases , in two cases enuresis had been present in 
the grandparents 

Vanous diseases occurred directl} antecedent to the onset of the 
trouble A rheumatic historj^ was giv^en in 13 per cent of the cases Six 
cases dated from an attack of measles and 4 onginated in severe fnghts 
The symptoms were anorexia, restless sleep, insomnia night terrors, 
constipation and headache A complete general examination did not 
reveal abnormality in 48 3 per cent of the cases, there were vanmg 
degrees of general debility in the majontv of these Enlarged tonsils 
were found m 23 3 per cent and thread w onn in 8 3 per cent , cen icaJ 
adenitis occurred m a smaller proportion Phimosis was present in oniv 
1 case Urinal} sis was negative in the majorit} of cases 

59 Horton, Kathleen Enuresis in Hospital Pracoce Arch Dis ChihJf ooa 
4 105 (April) 1929 
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Patients with incontinence by day constituted onl}^ 5 pei cent of the 
total group Thirty pei cent of the patients had enuresis only at night 
It was about equall}'- distributed between boys and girls Enuresis was 
present both da}^ and night in 55 per cent of the senes In 10 per cent 
of the cases incontinence of feces was associated with enuresis 

The following plan of treatment was earned out regular weekly 
attendance for a considerable time and regular administration of the 
medicine The child is not to be worried, scolded or punished Tea, 
coffee, cocoa, soups, broths and meat extracts are not given No more 
than four small cups of milk, milk and water or water alone are to be 
taken in the twent 3 '-four hours No drink is taken after 5 o’clock in the 
evening , slices of lemon oi orange ma)’- be sucked for thirst Salt fish 
or highly seasoned food are avoided, as well as heavy puddings and 
much potato The child is put to bed earl}’-, on his side, and tight bed- 
clothes and a hard mattress are used Uiination should be at regular 
intervals and at the same time each day The physician’s share in the 
treatment consists in the correction of any local irritation, for example 
that due to urine, constipation, thread worms and drugs The number 
of dry days and nights for each week are recorded, and unlimited 
opportunity for voluntary micturition during school hours is offered 
Intake of fluid is increased gradually after complete freedom from 
enuresis, has been obtained for a month Tincture of belladonna 
IS given, beginning with 5 minims (0 3 cc ) three times a day and 
increasing by weekly increments of 5 minims up to 30 or 35 minims 
(19 or 2 2 cc ), with ammonium bromide 5 grains (0 32 Gm ) three 
times a day, increasing by 1 or 2 grains (0 065 or 0 13 Gm ) each week 
up to 12 grains (0 78 Gm ) Tincture of nux vomica in doses of 2 or 
3 minims (0 12 or 0 18 cc ) is sometimes added to the mixture The 
dose of the belladonna and bromide mixture necessary to help the 
child to secure seven dry days and seven diy nights is maintained for a 
fortnight and then reduced by the same amounts as it had been increased 
The results obtained by this treatment were very satisfactor}’ Sixty- 
five per cent of the patients weie cured, whereas the remaining 35 pe’^ 
cent all showed improvement The diurnal trouble cleared up six weeks 
from beginning of treatment The noctuinal trouble cleared up m the 
same length of time in half of the cases, the remaining half was com 
posed of cases in which attendance was not satisfactory Comp e e 
recovery from both day and night enuresis was sometimes delaye 
long as the eighteenth week 
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notable contributions conceining basal tell cancer weie collected into 
a single monogiaph In tins woik he took up the task of definitely 
establishing a place foi this group of carcinomas So fai as the skin 
IS concerned, his conclusions have stood the test of time and have been 
geneially accepted There still lemain many dissenting opinions as 
to other souices (mucous membianes, mammaiy glands, piostate, renal 
pelvis and sahvaiy glands) 

Kiompechei lecogmzed types such as solid, adenoid, cystic and 
keratinizing and combinations of these He believed that not only the 
tumor cells but also the stioma might undeigo a hyaline or a mucoid 
degeneration He went so far as to lemaik that some basal cell cai- 
cinomas might show a similarity^ to adenocai cinomas, and no doubt it 
IS due to this lesemblance that many’’ of the adenoid cystic cai cinomas 
arising from noncutaneons souices aie labeled with the histologic 
diagnosis of adenocai cinoma 

In describing twenty’-five cases, Kiompechei noted that five contained 
some squamous featuies Except in one patient, however, theie were 
no metastases Of the remaining twenty, adenoid arrangement was 
disclosed in six, and five were of the cystic type The cysts seemed 
to be the lesult of homy degeneration, sebaceous gland dissolution, 
caseous softening of basal cell masses, disintegration of the con- 
nective tissue which had been enclosed by the epithelial cells oi 
malformed blood vessels and haii follicles 

Of the case leports, theie were three that weie interesting The 
first patient had a primal y cai cinoma of the buccal mucous membiane 
with distant metastases But there was some homy inateiial m the 


center of the cell nests, and so it may have been a veiy’’ cellulai, ana- 
plastic, squamous carcinoma The second patient had a piimaiy 
carcinoma of the nasal mucous membiane Theie weie local recui- 


lences after each of two operations, and the piocess then extended to 
the frontal and sphenoidal sinuses Exophthalmos became marked, anc 
death resulted fiom meningitis Autopsy was not peifoimed, but tie 
lymph nodes weie consideied free Sections of the primary tumoi 
showed a carcinoma of the solid basal cell type The third case was o 
interest in that it showed at least two primary’ tumors, one being a oi ^ 


the right eye and the othei in the middle of the forehead 

With Krompecher’s work as a geneial basis, it is deemed advisa 
for the remaindei of the resume, and during the analysis of cases^ o 
divide the material into a cutaneous and a noncutaneons group 
well realized that a vast and complicated literature has arisen m 
nection with tumoi s aiising in or neai the skin, and all that can 
hoped for in an article of this length is to sift out a few of the 
points Moreovei, it is cleaily’ undei stood that, although ce 
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chaiactenstics ma)^ wairant it, such tumors arising fioni noncutaneous 
portions of the body aie not uniformly accepted by many pathologists 
as basal cell carcinomas 

CUTANEOUS GROUP 

In 1885, Balzei and Menetrier® leported a case which they thought 
was one of adenomas of the sebaceous glands, but which has since been 
generally accepted as coming within the category of adenoid cystic 
epithelioma , One yeai , latei , Balzer and Gi andhomme ^ presented a 
somewhat similar case 

In 1887, Jacquet and Dariei ® recorded the case of a man, aged 26, 
whose chest and arms were the seats of tumors varying in size from 
the “head of a pm to a pea ” The tumors had been present for eighteen 
years Daiier thought that they were adenomas deiived from sweat 
glands and that the mateiial within the cysts was of a colloid nature 
Accordingly, the term hydradenomes eruptifs was employed Sub- 
sequently, at the International Congress of Dermatolog}'^ and Syphilology 
in 1889, Quinquad ® presented a case of the same geneial type He 
sought a new terminology and arrived at that of cellulome epithelial 
eruptif At the same meeting, Jacquet ’’ discussed Qumquad’s case and 
also mentioned Besnier and Unna as each having reported one case 
Jacquet advanced the opinion that the lesions developed from embryonic 
epithelium of an indifferent nature, which had been misplaced during 
fetal life and was later excited into active proliferation To the dis- 
ease he gave the name epithehome kystique benm de la peau 

In addition to those mentioned a few other case reports were pub- 
lished, so that by 1892 the stage was well set for the excellent articles 
of Brooke and Fordyce, each of whom worked and wrote independently 
Brooke ® selected the term epithelioma adenoides cysticum and reported 
his observations on four cases, m two of which microscopic sections 
were made Three of the cases occurred in a mother and her two 
daughters, aged 50, 18 and 14 yeais 

3 Balzer, F, and Menetner, P Etude sur un cas d’adenomes sebaccs de 
la face et du cuir chevelu. Arch de physiol norm et path 6 565, 1885 

4 Balzer, F , and Grandhomine Nouveau cas d’adenomes sebaces de la 
face. Arch de physiol norm et path 8 93, 1886 

5 Jacquet, L, and Daner Hjdradenomes eruptifs, Ann de dermat et s\ph 
8 317, 1887 

6 Qumquad Cellulome epithelial eruptif, Ann de denmt et s\ph 8 412, 
1887 

7 Jacquet, L Epithehome kjstique benin de la peau Compt rend Conpr 
internat de dermat et s\ph 1889, p 416 

8 Brooke, H G Epithelioma \denoides C\sticum, Bnt T Dermat 4 
269, 1892 
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The lesions had appeared between the ages of 10 and 14 years and 
consisted of tumois projecting slightly above the sui rounding skin and 
ranging in size from 1 mm to one-half of a small pea They had soon 
grown dark and exhibited a slimy, tianslucent covering of skin Nearly 
all contained one oi more milia which wei e plainly visible to the unaided 
eye The size of the milium boie no relation to the size of the tumoi 
The papules seemed to be mtradeimal and felt firm but not hard The 
lesions were scatteied thickly about the nose and eyebrows, thinly on 
other places and none was seen on the lower limbs Brooke stated that 
their couise was always slow, but that they might take on a sudden 
acceleration after many years According to his cases and those of 
other workers, neithei spontaneous involution nor ulceration had ever 
been observed The symptoms, if any, were those of a slight pruritus 

Brooke’s microscopic observations are woith repeating The cysts, 
which were circular oi oval, were filled with a colloid material or with 
concentiic layers of homy epithelium Their size varied so that some 
could be detected only with the high power of the microscope, while 
others were prominent with the low magnification The cysts were 
formed from degeneiating foci of tumor cells As this process con- 
tinued, the cells on the periphery grew more and more flattened In many 
places there was thus formed a distinct membrana limitans Some of 
the cell masses weie separated from the connective tissue by a layer of 
palisade-hke cells wdiich stained more daikly than the rest of the 
giowth Brooke thought that limitation in the growth of the tumor 
nodule might be due to a peculiar capsule-hke structure foinied by the 
connective tissue 

Fordyce’s contiibution ® was equally important He piesented two 
cases, in a mother and her daughter In addition to the observations 
which Brooke had made, Fordyce noted a cential depression in a few 
of the growths Pigment spots and telangiectases weie also seen 

In his histologic description, Fordyce mentioned the strong reseni 
blance of the cell masses to adenomas The individual cells were 
similar to those seen m the lower layers of noimal epidermis Linear 
tracts (formed by two or more cells in width) coursed through tie 
derma, intermingled in a most complicated way and connected the arge 
cell masses with one anothei Some of these strands resemble co 
gland ducts, but no lumen could be made out The cysts were 
empty or else contained keratohyaline matei lal, deeply 
detritus or loose degenerating cells Some cysts were di cu 
distinguish from glands, but they lacked the external limiting mem ra^^^^ 
Cysts could be found in the connective tissue without apparen 

9 Fordj’^ce, J A Multiple Benign Cystic Epithelioma of Skm, J 
& Genito-Urm Dis 10 459, 1892 
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nection with an}- other structures The beginning o£ c}stic formation 
was evident m the central portion of some of the tumor masses There 
the cells were extremely pale, often imperfectly stained, and at times 
only the rim of the nucleus could be seen 

In those tumors which had a central depression, Fordyce could 
trace a direct connection with the lower layers of the epidermis, and 
the outer cells of the hair follicles were proliferating The sebaceous 
glands seemed independent of the process 

One case of lupus erythematosus and another of rodent ulcei nere 
shown m order to emphasize the close histologic picture beh\een these 
and multiple benign cystic epithelioma, which was Fordyce’s appellation 
for the disease He concluded that a distinction can properly be made 
only from the clinical observations together with the natural histor} of 
the disease 

From this point many observers weie stimulated into reporting 
cases, and consequently there developed an extensive literature I think, 
however, that with the exception of Savatard’s article in 1922, the 
abstracting of such would be superfluous I therefore refer the reader 
to the articles themselves Henceforth, as a rule, only new or important 
supporting observations will be given 

Heidingsfeld,’^® m a study devoted to the transitional morphologj of 
benign epitheliomas, expressed the belief that the cysts were formed as 
a result of colloid degeneration of the tumor cells Sutton vrote that 
there weie two kinds of cysts m multiple basocellular carcinoma The 
primary type was due to degeneration of the epithelial cells and the 
secondary type was derived from the degeneration of connectne tissue 
which had been enclosed by the epithelial tumor cells Furthermore, 
he found colloid degeneration of connective tissue outside of such aieas 
At a later date, Hazen confirmed the finding of a colloid-like material 
m the majority of the cysts 

Savatard repoited fourteen nev cases One patient of great 
interest was the elder daughter described by Brooke thirty }ears before 
The disease had steadily progressed By this time there -were large 
lumpy patches, and some of the single lesions were “as large as a cherry ” 
There was a distinct tumor nodule on the calf of the left leg It vill 
be recalled that Brooke had emphasized the small size of the lesions 

10 Heidingsfeld, AI L Benign Epithelioma \ Stiid\ oi Transitional Mor- 
phoIogj% J A M A 59 256 (JuH 27) 1912 

11 Sutton, R L The Histogenesis of Multiple Ba^ocelluhr Carcinom-’ 

J A A 62 977 (l^Iarch 28) 1914 

12 Hazen H H Skin Cancer, St Loui'= C V Mo-h Co upan^ 1916 
pp 61, 102 and 103 

13 Saaatard, Louis Enithehoim Adenoidc' Casticiim ErU T Dfi at 34 
381 1922 
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and then absence from the lower limbs None of the growths had 
ulcerated oi imoluted 

The existence of adenoid C3'^stic epithelioma in the negro race was 
repoited by Sutton His patient had a remarkable family history 
The hereditaiy nature of the disease has been unmistakable in some well 
authenticated cases, and m others it has been definitely absent One 
can find numerous instances suppoitmg either side of this question 

Ulceration of the supposed benign lesions was early observed by 
Jaiisch^^ and confirmed by Little,^® Savatard,^® Dore and others 
In Bore’s case the lesion may ha^e been malignant 

It IS probably ti ue that some of the benign tumors had broken down 
without showing unrestiained growth, 3’^et on the other hand, practically 
all of the malignant lesions had an associated or a preceding ulceration 
As earl3^ as 1890 , Hallopeau,^® reporting what he believed was a case 
of tumois of sweat gland origin, but which later authors have thought 
was adenoid C3Stic epithelioma, mentioned that among the innocent 
lesions w as one that appeared malignant A section was taken and it was 
examined b3'^ Dariei, •who pronounced it to be a malignant epithelioma 
Four 3’-ears later a similar observation was made by J C White,^® who 
noted that coexisting AMth the benign forms were several broken down 
skin cancers Some of these appeared to resemble Hutchinson s 
craterifoim epithelioma, while others seemed to be rodent ulcers White 
thought that the3’’ had probabty oiiginated in the benign lesions, and he 
■ventured to predict that maii3^ would undergo such changes if a 
sufficient period of time was allowed to elapse These observations 
were latei given adequate support b3’’ Hazen,^- Stelwagon and others 
Savatard apparently had such a case which recurred after operation, 
and he quoted Cranston-Low as citing the case of a patient whose 
lesions had undergone malignant transformation 

Wh3'- innocent tumors should change their character and begin an 
invasion which threatens the patient’s life is an unsolved problem 


14 Sutton, R L A Differential Study of Multiple Benign C>stic Epithe- 
lioma and Adenoma Sebaceum in the Negro, J Cutan Dis 29 480, 1911 

15 Jarisch Zur Lehre von den Hautgeschw ulsten, Arch f Dermat u 'P 
28 163, 1894 

16 Little, E C G A Note on Two Cases of Epithelioma Adenoides 
ticum (Brooke) Tncho-Epithelioma, Brit J Dermat 26 173, 1914 

17 Dore ^Multiple Benign C>stic Epithelioma (One Case), Brit J 

24 190, 1912 ^ 

18 Hallopeau, Hjdradenoma complique d’epithelioma vulgaire, 

dermat et S 3 ph 1 872, 1890 

19 White, J C Multiple Benign Cjstic Epithelioma (One Case), J 
& Genito-Unn Dis 12 477, 1894 

20 Stelwagon, H W Treatise on Diseases of the Skin, ed 9, P i ^ 

M B Saunders Companj-, 1921, pp 680 and 908 
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White thought that it might be accounted foi by changes associated 
with the age of the patient, oi that it might be due to the invasion of 
normal cutaneous epithelium which reacted against the tumor in an 
abnoimal way The line between benignancy and malignancy is often 
very narrow as was recognized by Sutton, who leported cases in a 
mothei and daughter Each had many lesions repi esentative of benign 
cystic epithelioma In addition, the mother had a lodent ulcei neai the 
eye wheie there had been no pieexisting lesion, in the daughter, one 
had developed m a benign lesion on her neck Sections from the 
rodent ulcei and from thiee of the benign lesions had the same 
histologic pictuie and would oidmarily have been diagnosed as lodent 
ulcer 

The oiigin of tumors belonging to the “adenoid cystic giotip” vull 
be tieated briefly Most authors have agreed that in all piobabihty they 
arise from the basal cell layer of the rete pegs or from the sheath of a 
hail follicle (Wolters,-- Hartzell,"^ Hazen and otheis) Heidings- 
feld believed that the tumor cells were of a distinct basal cell 
charactei, but that any macioscopic lesion had pioceeded too fai foi its 
genesis to be traced by a microscopic study He found that structures 
in the immediate neighboihood of the tumoi veie undei going pio- 
liferation and that he attributed to a “stimulus be3 0nd the lecognizable 
sphere of morphologic change ” 

That the skin tumoi s known as adenoid cystic epitheliomas might 
often be confused or associated with othei lesions was supported by 
Pick (acne losacea with adenoma sebaceum), Seqiiiera (lupus 
erythematosus) and Savatard (moles) Although the characteristics 
of this malady have become more cleaily defined, there still exists an 
uncertainty in the minds of some observers Adenoma sebaceum has 
been definitel}'- sepaiated, leaving rodent ulcei and syringocystadenomas 
(the latter to a lesser degree) as the principal diseases to consider in tlie 
differential diagnosis 

In this connection it is well to recall that Hallopeau reported his 
case as hydiadenomas (s3fringoc3’^stadenomas) In a diffeiential stud3 

21 Sutton R L Occurrence of Cancerous Changes in Benign Xew Growths 
of the Skin, Am J kl Sc 145 819, 1913 

22 Wolters Epithelioma Adenoid C'vsticiim, Arch f Dermat u Sjph 56 
89, 1901 

23 Hartzell, kl B Benign Castic Epithelioma and Its Relationship to 
So-Called Synngo-Castadenoma, Sa ringoc> stoma, and Haemangio-Endothclioma, 
Brit M J il 991, 1904 

24 Pick Ueber das Epithelioma adenoides c^stlcum (Brook) und seme Eezic- 
Ining zum Adenom dor Talgdrusen ( \denoepithcliom), \rch f Dermat u S\pli 
58 201, 1901 

25 Sequiera Epithelioma -kdenoides Casticum (Report oi 4 Ca«es), Brit 
T Dermat 26 89 1914 
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between this disoidei and adenoid cystic epithelioma, J C White-® 
observed that tumors of sweat gland origin were smallei at high 
altitudes than at sea level, and that at any given height the sweat 
secretion was less in the tumor aiea than in the normal adjacent skin 
Histologically, the process appeared to be due to the giowth and cystic 
dilatation of the ducts lather than of the sweat glands propei In a 
study of similai purpose, Sutton and Dennie found that the admin- 
istration of pilocarpine would increase the size of the true syringo- 
cystadenomas Schidachi was able to mimic the tumor process of 
sweat glands by expeiimeii tally occluding the ducts In the proliferation 
of the cells thus stimulated, he discovered budding processes and distinct 
cysts Therefoie, it would appear fiom these and other studies that 
tumors of sweat gland oiigin are probably distinct from “adenoid 
cystic epitheliomas” found arising from the sheath of haii follicles and 
the lower basal layei of coveiing epithelium 


Table 1 — Points of DiQeience as Listed bv Adamson 


Rodent Ulcei 

Adenoid Cystic Epithelioma 

Usually in males 

Usually in females 

Occurs m later life 

Appears in childhood 

Not hereditary 

Distinct familial tendency 

Irregular distribution 

Symmetrical distribution 

Varying size, no limit 

Uniform size, limited 

Locally malignant 

Not locally malignant 


Many interesting discussions have taken place concei niiig the relation- 
ship between lodent ulcer and adenoid cystic epithelioma There are still 
some authois who class the two together 

In a differential study directed towaid the sepaiation of these tiio 
diseases, Adamson,”® as eaily as 1908, concluded that the cases lepoite 
as adenoid cystic epithelioma by Stelwagon and Jaiisch were rea ) 
rodent ulcers He believed that the one recorded by White was either a 
true rodent ulcei oi a connecting link between the two disoideis Table 
lists the chief points of difference as given by Adamson 

Six years latei, Adamson®® reemphasized that indent ulcei s, 
their tendency to ulcerate, usually appealed late in life In a sec 


26 White, J C S} nngocystoma, J Cutan Dis 49 49, 1907 thoijia 

27 Sutton, R L , and Dennie, C C Possible Interrelationship of 

Adenoides Cjsticum (Multiple Benign Cystic Epithelioma) and 1912 

noma (Lymphangioma Tuberosum Multiplex), J A M A 58 ^ stoaica, 

28 Schidachi, Tominatsu Experimentelle Erzeugung von Hi coc) 

Arch f Dermat u Svph 83 3, 1907 2 1133> 

29 Adamson, H G Two Cases of IMultiple Rodent Ulcer, Lance 

1908 ^ njQ 1914 

30 Adamson, H G On the Nature of Rodent Ulcer, Lancet 
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paper written the same year,^^ he mentioned the similarity behveen 
multiple rodent ulcer and adenoid cystic epithelioma 

The points of difference listed by Adamson warrant discussion 

Whether the patient is a male or a female has not been found of 
sufficient importance to stress 

Sequiera stated that the age distinction was not reliable, for 
rodent ulcers could start early m life (he reported one case in ^^hlch the 
age was 11 years) and were usually confused with lupus vulgaris 
Likewise, the appearance of adenoid cystic epithelioma at a later age 
than commonly thought was supported by Dyer and Hartzell 
Ormsby,®^ however, wrote that the occurrence of rodent ulcer at a 
usually later age was of distinct value in the diagnosis 

The familial tendency of adenoid cystic epithelioma is of some 
importance and has already been mentioned 

Cases of patients with single lesions of the benign disease have been 
reported by several investigators Wolter’s case was apparently the 
first recorded Savatard concluded that the solitary form of the 
disorder was more frequent than the multiple variety, but that it was 
usually overlooked He quoted Cranston-Low’s somewhat analogous 
observations Various authors have noted multiple forms of rodent 
ulcer However, despite the fact that single and multiple lesions occui 
in either disease, it is probable that symmetry of distribution in the 
multiple form points toward adenoid cystic epithelioma 

It has been generally conceded that the benign disease has a greater 
tendency to uniformity in size and to limitation in grow th, but even here 
exceptions have been reported 

The presence of malignant changes and of ulceration in adenoid 
cystic epithelioma has alieady been touched on Sutton believed that 
one could depend neither on the ulceration of a lesion nor on the 
histologic picture to separate one type of neoplasm from the other 
Little^® added to the complexities of the subject b} reporting t\\o cases 
of what he believed to be adenoid cystic epithelioma with ulceration of 
some of the lesions In a later article,®® he mentioned Bland-Sutton 
as having diagnosed the two conditions in mother and daughter when 
Little thought that despite the ulcerations both had the benign and not 
the malignant disease In contrast to Little’s belief, Johnston and 

31 Adamson, H G Epithelioma Adenoides C\sticum oi Broole, Bnt T 
Dermat 26 88, 1914 

32 Djer, I Alultiple Benign Cjstic Epithelioma \m T Dermat 8. Gcmto- 
Urin Dis 1-2 52, 1897-1898 

33 Hartzell, M B Benign C^stlc Epithelioma Report oi Two P-e- 

sentmg Unusual Features, Am J Sc 124 441, 1902 

34 Ormsbj, O S Di-^eases oi the Skin, cd o Pluladclphn, Lea cl Et 
1927, p 666 ' 

35 Little, EGG Rodent Ulcer, Bnt T Dcrnnt 27 US 1915 
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PauP° in the same yeai lepoited a case in which on account of the 
ulcerations the diagnosis of multiple rodent ulcer was made They were 
willing to concede, howevei , that their case might be one of the so-called 
connecting link types Miller^" repoited foui cases under the title of 
benign cystic epithelioma, one of which presented ulcerations This 
patient died one yeai later with bronchopneumonia It is unfortunate 
that no autopsy was peifoimed 

Little maintained that the chief distinction between lodent ulcer 
and adenoid cystic epithelioma was that the former was laie except on 
the face, but he admitted that extiafacial cases of lodent ulcer had been 
reported 

Stelwagon listed twelve synonyms foi benign cystic epithelioma, 
these being given in Fiench, Geiman and English He noted its close 
relationship m structure to lodent ulcer and leiteiated the fact that 
malignant changes might be superimposed Theiefore, he thought that 
the prognosis was not always certain 

In contrast with the foiegoing authors, otheis have thought it not 
uncommon for rodent ulcers to undergo cystic degeneration and thus 
to present a distinct type In 1901, Dubreuilh and Auche^® described 
such a process They, together with Hazen,^® believed that the cysts 
might be formed from the degeneration of the tumor cells resulting m 
keratohyahne changes They observed that sometimes the cavities were 
very large and numerous Cystic rodent ulcers have been described by 
other authors As late as 1927 Ormsby stated that cystic degeneration 
of basal cell carcinoma might occur 

It can readily be seen that confusion still exists, and that the 
separation of adenoid cystic epithelioma and cystic rodent ulcer is some- 
times a matter of pei sonal opinion In two papei s Hartzell proposed 

that the various skin tumors which possessed similar histology shou 
be placed in one group until moie accurate studies could be made 

Do Basal Cell Caianoinas Metastasises — Another question of 
absorbing interest has been whether a true basal cell carcinoma had t e 
power to metastasize It has generally been thought that they do no^ 
There are some well authenticated cases, however, which lead ° 
believe that there are possible exceptions to the rule , yet it is 
to suppose that some of these may be accounted for by the fact 
some predominantly basal cell carcinomas may contain a few squaffl 

36 Johnston and Paul Multiple Rodent Ulcer, M J Australia 2 139,^ 

37 Miller, J W Multiple Benign Cystic Epithelioma, J Cutan U 

462, 1915 t et 

38 Dubreuilh, W and Auche, B De I’ulcus rodens, Ann de der 

syph 2 705, 1901 onship 

39 Hartzell, M B Benign Cystic Epithelioma and Its e a i 
So-Called Synngo-Cystadenoma, Syrmgocystoma, and Haemangio- n o 
Brit J Dermat 16 361, 1904, footnote 23 
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elements, as Brodeis and MacCaity'*® have pointed out The^ viote 
that basal cell carcinomas could be found on any surface of the body 
covered by protective epithelium, and that the lesions piesented great 
vaiiations m cell moiphology and aiiangement They weie either 
alveolai, glandhke (even resembling thyioid tissue) or in solid masses, 
and some might also present combinations of these forms Prickle cells 
could be rarely but positively demonstiated A ceitam number of basal 
cells could always be demonstrated m squamous cell carcinoma As a 
matter of fact, Broders and MacCaity seemed to think that all tumois 
arising in piotective epithelium came from the basal cell layer and the 
only feature that distinguished them was their cellular differentiation 
Stelwagon made notation to the effect that there was a rare possibility 
of rodent ulcer involving lymph glands, and that its type might be 
changed into a deep-seated oi papillary form of the disease In an 
excellent article on cancel of the skin, Morton pointed out that basal 
cell carcinoma might conceivably give rise to regional metastases 

Beadles leported a case which piesented an extensive rodent ulcei 
of fifteen years’ duiation, situated on the upper pait of the face, and 
in which there was definite extension to the lymph nodes beneath the 
lower jaw The histology was described as being glandular There 
were no solid masses or keratmoid areas Two years before a similaih 
involved node had been removed from the neck There was no invasion 
of the capsule Death resulted from septic pneumonia Dubreuilh and 
Auche®® obseived a patient who had a lodent ulcer situated on the 
brow, nose and eyelid, which appaiently involved the legional Ijmph 
glands Fordyce-*® recorded the case of a man, aged 60, vho had a 
typical lodent ulcei of ten yeais’ standing It extended fioin the side 
of the nose to the iiiiiei canthus of the e 3 e Coincident vith this theie 
was a somewhat similar condition behind the eai The lattei lesion 
was opeiated on, and theie vas a lecuiience in the scar Following 
this, a lymph node in the region of the mastoid pi ocess became enlarged 
and the microscopic appeaiance was identical with that of the primarj 
tumoi Fordyce sought to explain this unusual extension of the dis- 
ease by the fact that the tumoi, situated between bone and dcn=:c 
fibrous tissue, had consideiable pressuie exerted on it which ma} ha\c 
forced some of the cells into the hmphatics KorbM^ reported two 
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cases of lodent ulcei which apparently metastasized to adjacent lymph 
glands One underwent squamous metaplasia in the lymph node, but 
the other case letained its pure basal cell character 

It IS a singular fact that Hazen^'* should report four cases within 
one year after he had stated m his textbook that basal cell carcinoma 
never metastasized and that when glands were reported as involved, 
there had probably been an erior in the diagnosis^- In view of the 
data given, however, only one of Hazen’s cases can be fully accepted 
In this patient there had been a history of seven years’ previous treat- 
ment which had resulted in successive healings and subsequent recur- 
rences No changes in histology were noted, however, and the metastastic 
tumor was an unmixed basal cell carcinoma Fmnerud had two 
patients who suffered from basal cell carcinoma of long standing The 
lesions had been treated with satisfactory primary results but had 
repeatedly recuiied Finally, both metastasized to the suomaxillary 
space Each presented the microscopic picture of basal cell carcinoma in 
the primary and secondary growths In the tissue from one of the 
patients there were distinctly cystic areas 

From the foregoing, it would seem that basal cell carcinoma may 
rarely extend to the regional lymph nodes It is hard to ascertain 
whether any of the reported cases were of the adenoid cystic type, but 
it would appear that at least two (Finnerud’s and Beadle’s) may have 
belonged to that group 

After a careful search through the literature, I have been unable to 
find any case in which definite, unmixed, basal cell carcinomas arising 
from the skin gave rise to widespread or distant metastases 

NONCUTANEOUS GROUP 

Since a mass of conflicting literature has collected on the subject, and 
in consideration of certain cases analyzed and leported herein, I wish 
to emphasize the fact that some eminent pathologists believe that basal 
cell carcinomas (some of which are of the adenoid cystic type) may 
arise in places other than the skin 

No attempt will be made to cover fully the literature The third 
edition of Ewing’s “Neoplastic Diseases” will be the chief source for 
reference 

45 Hazen, H H Basal Celled Cancers of the Skin, South M J 10 241, 

1917 ^ 

46 Fmnerud, C W Metastatic Basal Cell Carcinoma from the Skin, J 
M A 82 775 (March 8) 1924 

47 Ewing-, James Neoplastic Diseases, ed 3, Philadelphia, W B Sau 
Company, 1928 
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Tlie niaxjlJaiy sinus and the nasal mucosa may give rise to carcinoma 
of the basal cell t}pe The structure may simulate that of the thyroid 
gland, 01 a moie compact airangement may lesemble that of adenoid 
cystic caicinoma As a lule, the growth is slow, recurrence is persistent 
after incomplete excision and theie may be extension to lymph nodes 
or bone 

Some of the malignant tumors of the salivary glands are of the basal 
cell t}pe It IS true as Krompecher- stated that some neoplasms of the 
mucous membiane and other structuies as well belong within this group, 
and some of these m turn may be placed into the adenoid cystic sub- 
diMsion The structure and clinical course may follow that of tumors of 
similai appeal ance but wdiich arise from the skin Misplaced bits of 
epithelium may serve as the source for such growdhs These may he in 
the orbit, lacrimal duct, buccal mucosa and elsewhere At times the}’’ 
are confused wuth endothelioma or adenocarcinoma 

In 1901, Buxton reported a case from the Memorial Hospital in 
wdiich the tumor had originated at the orifice of Steno’s duct After 
running a slow course for tw^enty years, it metastasized to the regional 
lymph nodes The histology of the piimary and secondary growths 
was that of adenoid cystic basal cell carcinoma 

In 1916, New*® called attention to what may have been a similar 
case He did not express such an opinion, however, and made no 
mention of metastasis In 1918, Broders and MacCarty wrote that 
some tumois of the palate are composed of cysts, glands and squamous 
epithelium in var 3 ’'ing amounts In 1919, Broders stated that some 
tumors arising in the nose, pharynx, antrum, parotid gland, mouth and 
similar places looked like basal cell carcinoma, but that the trained eye 
will detect a difference Just what this difference was, he did not clearly 
state He also referred to the fact that the lesions would metastasize , 
but, again, this was a general notation without being supported by 
definite personal cases or by reference to other authors He placed 
stress on the variations in the histologic structure and expressed the 
belief that basal cells might take on squamous features 

In 1922, Johnson,®^ from the Memorial Hospital, New York, 
described seven cases of what he termed aberrant adenoid cystic epi- 

48 Buxton, B H Benign Epithelial Tumors of the Skin, Pub Cornell Univ 
M Coll Stud Dept Path , 1901-1902, vols 1-2, sect 5 

49 New, G B Adenoma of the Palate, Ann Otol Rhin &. Laryng 25 687, 
1916 

50 Broders, A C Basal-Cell Epithelioma, JAMA 72 856 (March 22) 
1919 

51 Johnson, F M Aberrant Adenoid Cjstic Epithelioma of the Salivary 
Gland Tvpe, Ann Surg 75 331, 1922 
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thelioma of the salvaiy gland type Five weie fiom the palate, one arose 
from the skm of the upper hp and the other originated from the 
epidermis of the forehead Then tendenc}^ was neither to ulcerate nor 
to involve lymph nodes He thought that the)^ were very amenable to 
irradiation therapy 

SUMMARY 

A rather extensne leview of the liter atuie has been made As a 
general basis for discussion, Kiompechei’s classic work on basal cell 
carcinoma is utilized Following this, a distinction is made between the 
tumors of cutaneous and noncutancous origin In the former, an 
attempt is made to develop the idea that the first reports generally 
tended to deal with a benign process which occurred in the 3 " 0 ung, and 
often exhibited a familial tendency The factoi of ulceration is brought 
m and naturally leads into a discussion of rodent ulcer Histogenesis 
and histology have both brought into the review a limited amount of 
space devoted to tumors arising from sweat glands oi from sebaceous 
structures The lepoit of malignant changes repoited by some authors 
has been considered and also the question of metastatic basal cell 
caicinoma has been dealt with In the noncutaneous group the lack of 
uniformity of opinion has been stressed, and certain cases have been 
given space 

In no case m the hteiatuie has there been found a tine instance of 
widespread dissemination of an unquestioned basal cell caicmoma 

ANALVSIS or CASES 

The fifty-eight cases used in this study weie selected fiom a gioup 
comprising 185 basal cell carcinomas These w^eie from cutaneous 
sites, buccal mucosa, tonsil, nose and antrum Neoplasms resembling 
basal cell tumors histologically, but derived from such organs as the 
cervix 01 the esophagus, were not studied Since these are highl) 
malignant and are prone to metastasize readily, from a clinical stand 
point they do not fit into the ordinary basal cell type Fuithermoie, 
adenoid cystic forms of these tumors seem rare 

In Older to follow the general tendency in past studies and on 
account of the marked difiterence in mortality, the adenoid cystic basa 
cell carcinomas were divided in two groups, cutaneous and noncutancous 

CUTANEOUS GROUP 

Thirty-seven cases occurred in this group Se^en of these had soi 
squamous features, and they will be anatyzed separately ^ 

The age at which the lesion first appealed is given in table 
decades This datum wms obtainable in twenh-six cases 
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The youngest age at which the lesion appealed was 26, and the 
oldest, 72 yeais The aveiage age thioughout the seiies was 48 \eais 
It will be seen that the ages follow closely those m which basal cell 
caicinomas of the rodent ulcei type aie found 

Sixteen of the thiity cases weie in females, and fourteen in males 
Thus sex played no impoitant role Fuithermoie, nationality did not 
seem to ha\e any beaiing In the twent 3 ^-six cases in which nativit} 
could be detei mined it seemed to be evenly distributed among the types 
of people who pationized the hospital Likewise, occupation assumed 
a negligible pait People engaged in outdooi pursuits were not as 
numeious as those wdio w'^oiked wdieie then skin would be less exposed 
to the elements This w'as furthei suppoited by the fact that w'^omen 
wdio natuially live indoors moie than men, slightly outnumbeied the 
men 

Only ten cases could be found m wdiich theie w^as e\en the slightest 
suggestion as to etiology The appaient etiologic faStois will be listed, 


T-mile 2 — Age Incidence tit Tzccntv-Sti Cases of Cutaneous Ciouf> 


Decade 

Niiuthci of Patients 

3rcl 

2 

4th 

3 

Sth 

12 

6th 

5 

7th 

3 

Sth 

1 


but no conclusions will be drawn ( 1 ) eczeinatoid lesions ti eated twent} - 
two years befoie wuth arsenic, (2) a loofer developed a lesion in the 
postanal skin, (3) pince nez glasses caused iiritation of the nose fol- 
lowed by formation of waithke lesions which broke dowm , (4) a barber 
accidentally clipped off the top of an apparently benign w’-ai t wdnch finally 
healed, but five years later a lesion appeared m about the same place, 
(5) a tumor developed in oi neai a scai wdnch had resulted from a 
w'^ound caused by a wooden splinter, (6) a bum m wdnch incomplete 
epithehzation took place, (7) a burn from a spark of fire wdnch healed 
but in the scai of which a pimple foimed, (S) piessure of e^e glass 
frame on a benign mole of long standing, (9) a “pimple” wdnch w^as 
squeezed, (10) a mole wdnch was nutated by scratching The fore- 
going factors ai e merel)'^ suggestive, and nothing definite can 1 e deduced 
from them 

In adenoid cj^stic epithelioma of the skin competent obser\ers ha\e 
noted the familial nature of some of the cases, the general tendenc}" of 
the lesions to lemam stationar} after slowly reaching 0 5 cm or less 
111 size and the usual lack of ulceration The cases in the ^lemorial 
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Hospital exhibit no hcieditaiy qualities, and the lesions have piogics- 
sively spiead unless conti oiled by tieatment In the gioiip of thiitv 
cases, Lilceiation was absent in five, not mentioned in five and piesent 
111 twenty In these twenty it was definitely spontaneous in tlinteen, 
questionably so m foui and caused by external agents in thiee Tliere- 
foie, one may assume that spontaneous ulceiation in oui cases was faiih 
chaiacteiistic of the disease 


Pam was piesent m onl}' loui cases, and then it was veiy mild It 
was definitely absent m eighteen In seven patients theie was no 
reference to pain, and piobabl}' none cMsted A slight itching sensation 
was noted in one case Consequently, one is led to believe that pain 
IS a negligible factoi 

In geneial, the distiibution of the lesions coiicsponded to that seen 
m the usual types of basal cell caicmoma Most of them weie located 
on 01 about the nose , thei e wei e many on oi neai the eyelids, and some 
weie found on the foiehead oi adjoining tempoial legions Unusual 
sites weie the foieaim, back and neck (one case) , buttock (one case), 
and neck, below and behind eai (one case) 

When the disease piogiessed, it was by local extension Eight of 
the thiity cases showed this to a lathei maiked degiee There was 
one case which invaded the skull, meninges and biain Anothei case 
(not included in this study) has lecently come to notice in which theie 
IS invasion of the mandible Whelhei the neoplastic cells actively grow 
into living bone, oi whethei they meiely replace devitalized osseous 
tissue which has been eioded and ati opined thiough pressure and 
infection is an unsettled point , it would appear, however, that the former 
process is the more probable 

The duration of the lesion befoie the patients came to the Memona 
Hospital was ascei tamed in twenty-seven cases The shortest inteiva 
was foui months (one case), and the longest was thirty yeais (one 
case) The a^miage was seven and one-half years Because of faiure 
to eradicate the lesions when they weie small and amenable to tiea 
ment, large aieas of tissue weie destroyed with resulting mutilation, an 
the duration of the tieatment was needlessly prolonged ^ 

A follow-up study was made foi at least thiee years in 
of unmixed adenoid cystic basal caicmoma, some cases were si 


foi a much longer period 

Pievious tieatment had been instituted in twelve of the 
and consisted in employing eveiything fiom salves to surgica 
vention and iriadiation As nearly as can be judged, both sur 
inteivention and ii radiation weie exeicised in a desultory 
least they proved effective in the Memoiial Hospital under un 
much worse conditions than when the patients fir'll presentee 
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selves elsewlieie It seems haidly possible to ovei emphasize the 
impoitance of adequate, early tieatment 

In the theiapeutic legimen at the Memoiial Hospital, external 
irradiation (usually radium) was employed in every case This was 
leinfoiced by mteistitial applications in seven cases In addition, 
suigical pioceduies, vaiying fiom the evacuation of the oibit to the 
excision of small aieas of infected oi tumoi tissue, were employed in 
eleven cases It is inteiesting to note that m all cases in which inter- 
stitial niadiation was used theie was also suigical inteivention These 
cases wcie undoubtedly woise than those m which external ii radiation 
alone sufficed Ihe number of tieatments with irradiation varied from 
one to twelve, and in the senes as a whole each patient had an aveiage 
of four and one-half tieatments It is possible that the number of 
tieatments could be reduced by employing the x-ray oi large radium 
applicators (pack) instead of using ladium m small applicators, for m 
that way it would be possible to tieat a much gi eater area at one time 
The undeil3'’ing noimal tissues, however, would receive moie pro- 
portionate niadiation, and this would often be a contraindication (as 
in lesions neai the eye oi ovei lying bone) The number of surgical 
proceduies varied fiom one to about thiee in each of the eleven 
j^atients submitted to them 

The duration of the tieatment varied fiom the necessaiy requiie- 
inent foi application in two cases to five and one-half years in one 
case The aveiage duiation foi all of the cases taken collectively was 
two years and two months 

All analysis of the final lesults leveals that only one patient is 
known to have died Hei condition was obviously hopeless from the 
stait The lesion was of ten yeais’ duiation and had already destioyed 
a large part of the left parietal, temporal and frontal bones She 
developed hernia cerebii, and this was followed by hemiplegia Of the 
remaining fouiteen patients, two were lost fiom observation after being 
tree from apparent disease at the end of four months in one case and of 
nine yeais in the othei There were twelve patients alive One had a 
definite recuiience aftei it seemed probable that the disease was con- 
ti oiled, this occuiied fiv'^e years after the first treatment The sub- 
sequent lapse of time has been insufficient to estimate the peimanent 
lesults of the final treatment For the eleven patients alive and seem- 
ingly well, the peiiod of obseivation at the Memorial Hospital has 
vaiied from three to eight and one-half yeais, and the av^erage is more 
than five yeais 

When one considers the extent of the disease and its duration befoie 
tieatment here, the results are satisfactory so far as the actual pie- 
scivation of life goes Howevei, theie weie numeious i ecurrences, and 
m ten of the fifteen cases in which follow-up studies weie made, there 



382 


ARCHll ES OF SURGER} 


were complications varying fiom loss of bits of tissue to that of an e)e 
Some of the patients had sequestiums The complications could be 
avoided in only the eaily cases, and these unpleasant factois serve to 
strengthen the plea foi earhei and more effective tieatment 

MiAcd Squamous and Adenoid Cystic Basal Cell Caicmoma fiom 
Cutaneous Sites — ^This gioup comprises seven cases The squamous 
elements weie marked in some and slight in otheis, but weie definite 
in all cases The adenoid cystic poition did not differ from that of the 
unmixed gioup analyzed The occasional occurrence of two neoplastic 
elements m the same tumoi is well known to pathologists, and theie- 
foie needs no elaboiation 

There weie five males and tw'o females At either nationality nor 
occupation seemed to play any definite idle The age of the patient at 
the time the tumor appeared varied lom 15 to 39 3^eais The duration 
of the lesion before the patient came to the Menioiial Hospital varied 
fiom five to twenty years, with an average duiation of nearly ten years 

For a possible bearing on etiology there might he mentioned one 
case in which there was nutation of a benign mole by scratching, m a 
second there was a form of benign lesion that had existed for jears 
which was accidentally incised by a barber, and which on failure to heal 
was treated with hydiochloiic acid, in a third case, the patient sustained 
a blow which resulted in a "scab'' formation, being followed by a lesion 
that never healed The remaining four cases had nothing m the least 
suggestive, and in these there was no preexisting lesion 

Ulceration was present in four cases and absent in three In 
cases that showed ulceiation, the loiocess was definitely spontaneous m 
one, cpiestionabl}^ so in two and caused by external agents m the 


remaining one 

Pam was present in three of the seven cases , it seemed to be rehere 
by tieatment 

In five of the patients the lesion was located on the nose, in one on 
the eyelid and in the other on the forehead In five of the cases 
was considerable local extension of the disease In one case ^ ^ 
temporal bone was destroyed and the meninges and brain were 
In two of the cases the disease apparently extended little, if at a 

Only four of the cases have been followed-up for three 
more Obviously, the number is too small to be of much value 


only a few features will be mentioned 

All of the patients had had prevuous inadequate 
irradiation, and one had also been operated on At the i ^ 
Hospital irradiation (external and interstitial) was e 

junction with suigical pioceduies One patient died o 
pulmonaiy^ tuberculosis (positn'^e loentgenogiams and sputum 
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clinical pictuie) and was appaiently fiee fiom caicinoma The patient 
Avith involvement of the meninges was lost fiom obseivation after being 
obseived foi one yeai and foui months His case was hopeless fiom 
the time of his fast appeal ance at the Memoiial Hospital, and he is 
doubtless dead One patient is living and seems fiee from disease 
(obseived foi seven years and nine months) The fourth patient is 
living, but IS in pool condition 

To justify the tiemendoiis moitality, one must admit that when the 
patients ai lived at the Memoiial Hospital the disease was so extensive 
that the outlook was alieady hopeless 

NONCUTANEOUS GROUP 

Theie aie twenty-one cases in this group Two of these have some 
squamous featuies and will he analyzed separately 

Table 3 gives m decades the ages at which the lesions were first 
noticed Such data weie obtainable m thirteen cases The youngest 
patient was 35, the oldest, 76 The aveiage age was 50 years 


Iabie 3 — Aqe Incidence m Tint teen Caie^ 


Decade 

Nunthei of Patients 

4th 

4 

5th 

2 

6th 

6 

8th 

1 


Eleven of the patients weie males, and eight weie females This 
slight prepondeiance of males may be explained by the fact that moie 
than one half of the lesions m this group were within the mouth, and 
that in the male syphilis, bad teeth and smoking aie moie common than 
in the female 

Etiology was studied in the nineteen cases In five males and thiee 
females there was nothing that would suggest the cause of the disease 
In one male and two females there was a possibility of iiritation from 
a dental plate Trauma was mentioned in the cases of one male and 
two females The use of tobacco and the piesence of bad teeth were 
listed in three males In one female no history on this point was 
recorded, and in one male a supposed sebaceous cyst had been remoied 
fiom the nasal end of the laciimal duct Thus one can find no definite 
causal agents for this group of tumors Cohnheim’s theorj’- of embryonal 
rests, or bits of misplaced tissue, must suffice until further information 
is elicited 

Occupation and nativitj'- seem to have no liearing on the disease 




384 


ARCHIVES OF SURGERY 


Ulceiation was definitely present in nine and absent m four of the 
patients In six cases thei e was no definite statement, but five of these 
probably had ulceiation It was difficult to tell whether or not the 
ulceiation was spontaneous Many of the patients had had treatments 
before coming to the Memoiial Hospital 

111 none of the cases was there any familial liistoiy There was no 
tendency for any of the lesions to remain stationaiy oi to involute 
without treatment 

In only foui cases was there any definite history of bleeding before 
treatment These patients either had a piimaiy lesion of the nose or an 
extension into that oigan 

The detection of a swelling by fifteen of the patients caused them 
to seek medical advice One swelling was first detected by a dentist who 
was caiing for the teeth 

In seven of the cases theie was localized pam of a steady, dull type 
Soieness was complained of by one patient who had a lesion of the 
mouth and by anothei who had a swelling of the tongue 
There* weie no definite preexisting lesions 
As neaily as could be determined, the palate was the pninaiy site 
m seven of the cases, the antium m three, the mucosa of the cheek 
m two, the alveolai ridge in three, the hp in one, the tongue in one and 
the nose in two 

The disease progressed by diiect extension Those lesions primary 
in the palate usually enteied the nose and antrum The ones which 
began in the nose and antrum ordinal ily invaded the mouth, orbit and 
ethmoids In at least one case the meninges were involved by direct 
extension into the cranial cavity The anatomic relations of the parts 
usually affected make this method of spi ending easy and render the 
tumoi dangeious 

In most of the cases there are no data concerning the duiation o 
the lesion before the patients came to the Memoiial Hospital 

Fouiteen cases have been obseived for three years or inoie, anc 
these aie the only ones that will be used in the follow-up study 

Previous treatment consisted of suigical excision in the majority o 
the cases and irradiation in a few From this it would seem 
medical piofession in general is not aware of the beneficial resu s 
may be obtained from a well executed plan of ii radiation 
When employed, this treatment should be given as early as 
This form of treatment is lecommended because of the relatne ^ 
sensitivity^ of this gioup of tumoi s and on account of the discour 
results obtained from stiaight surgical measures action 

The treatment at the Memoiial Hospital consisted of 
pi imai ily and surgical intervention secondarily'' External app • 
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(usually ladium lathei than loentgen lay) weie employed m twelve 
cases As a geneial lule, the radium was applied locally over the area 
of involvement, and if the neck was iriadiated, it was customary to 
utilize the loentgen lay At the piesent time, however, there is an 
inci easing use of laige radium packs both locally and to the neck By 
means of isolated clinical obseivations it has been thought that this 
method can be supplemented with the high voltage roentgen ray, thereby 
giving a laigei tumoi dose with less injury to the skin than can be given 
by either foim of n radiation sepaiately It is hoped that results will be 
improved b}*- this method 

Interstitial iiiadiation, which usuall} consisted of radon enclosed in 
glass tubes (foi about the past foui jears gold tubes have been used), 
was resorted to in all but thiee cases In one of these three the lesion 
was in the lowei hp and could be eftectivel}'- tieated by external irradia- 
tion alone In the other two, the disease was so far out of bounds and 
was piogressmg so rapidly that strenuous measures were not deemed 
justifiable 

Surgical inteivention was employed in seven of the fourteen cases 
In five of these it consisted in evacuation of the oibit or antrum, some- 
times one and at othei times both, in oidei to remove infected oi o\ei 
irradiated tissue The ovei niadiation was purposely planned, the 
neoplasm being used as a radium holder, with the expectation of 
removing the tumoi tissue before it necrosed or became infected In 
the case in which theie was a lesion on the lip, local excision was 
sufficient A submaxillaiy dissection was performed in the case in 
which theie was a neoplasm of the mucosa of the cheek The extirpated 
tissue was negative for tumor growth 

Results show that of the fourteen patients observed for three years 
or more, five were lost tiace of Of these five, one was followed-up for 
too short a time to predict permanent results This was the patient with 
the lesion on the hp and when last seen there was no evidence of disease 
One (primar}'’ tumor of the palate) is probably dead The remaining 
three patients were followed-up for three and one-half, three and two 
years, respective^ At the end of this time they were all free from 
disease and in such excellent condition that one might assume that 
they are still alive and well Two of these had piimar} tumors of the 
palate, and one had a neoplasm aiising fiom within the nose 

Only two of the patients are definitely known to be alne One of 
these, who has been followed-up for four j'ears, had a primary tumor 
in the mucosa of the cheek In the group of squamous carcinomas, 
this site would be regarded with unusual apprehension, for metastases 
would be expected When the jDatient uas first seen the lesion ^\as 
veiy extensive and despite pieviotis excision had infiltrated the masseter 
muscle The treatment at the jMemonal Hospital consisted in canter} 
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excision of the ulceiating Jesion and the application of external and 
interstitial iiiadiation The second patient, who has been followed-np 
for SIX and one-half yeais, exhibited an ulcerating lesion of the soft 
palate measuimg about 3 cm acioss The theiapy consisted solely m 
one nisei tion of baie tubes into the lesion 

Seven jiatients aie known to have died Three had priinaiy lesions 
in the palate , three had lesions oi iginatmg m the maxillary sinus, and 
one had a lesion aiising Irom within the nose The high mortaht} may 
be explained by the fact that the patients came late, and the disease was 
so extensile that theie was little hope of even slight palliation In 
some, if not all, it seemed that pievious mefifective treatment had 
aggiavated the condition 

The duration of ti eatment and the duration of observation were so 
often teiminated by the death of the patient that no definite conclusions 
could be drawn fiom such a study 

Complications weie fiequent and often severe In the late stages 
pain, insomnia, anorexia and asthenia weie common Sequestnims 
were noted in at least two cases Infection was fiequently the immediate 
cause of death In thiee cases there weie signs and symptoms of 
infection of the cential neivous system (meningitis or brain abscess) 
One patient had acute pai otitis 

Conceding that minoi histologic dififeiences could be seen in some 
of the tuinoi tissue, this featuie did not seem sufficiently marked to 
account foi the diffeience m the mortality 

Mixed Squamous and Adenoid Cystic Basal Cell Caicuwinas Fiom 
Noncntancous Sites — In addition to the foiegoing nineteen cases there 
weie two that combined a few squamous with the adenoid cystic featuies 
One of the patients had a piimaiy tumoi of the palate which appar- 
ently developed some scpiamous chai acteristics during the conise o 
ti eatment at the Memoiial Hospital She was undei obseivation for 
seven years, and there was evidence of local disease at the time of deat i^ 
Physical signs were suggestive for fluid in the pleuial cavity, but aiitops) 
was not performed The second patient, who had a piimary lesion m 
the nose, has been followed up for eight yeais, and he seems free roi 
disease There were several recurrences, all of which yielded promp 
to ti eatment 

The material from the Memorial Hospital consists 
small pieces of tissue, as is usually taken from biopsies, and, t 
no gross desciiptions can be given It is believed, howmver, that 
scopic features aie not as important as the clinical 
consequently would add little of A'^alne to what has aheady een & 
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The histologic difference between the cufoiieous and the noncutan- 
eons basal cell tumois in this senes is sometimes slight and can be gn'^en 
briefly, otheiwise, a single desciiption will suffice for both kinds 
In the tumoi found in or neai the skin, more of the typical basal 
cell characteiistics aie seen, and the surrounding connective tissue is 
moie piominent In the collection from the Memorial Hospital there 
are sections that demonstiate the oiigm from the basal layei of the 
epidermis, but theie aie two cases which are likewise observed to be 
springing from the analogous tissue of the oral mucous membrane In 



Fig 1 (cutaneous group) — Primary lesion in the upper eyelid, which had 
existed for eight years, with a slow, progressive growth After treatment began 
the patient had recurrences for two j'ears For the past five years the patient had 
been free from disease The structure is typical for low power 

two of the cutaneous tumors there is distinct production of cartilage, 
and in other respects these two present the picture of the so-called 
salivaiy gland type 

Henceforth, the description applies to both the cutaneous and tlie 
noncutaneous t} pes 

Under low power magnification, the tumor cells may be seen in 
large compact masses, broad sheets, small clumps and strands of ^ar\- 
mg size or as loosely scattered individual cells An} of these forms may 










388 


ARCHIVES OF SURGERY 


exhibit infiltiation into the suiiouncUng tissue The cells on the peri- 
phery (more maiked m laigei masses) often present a palisade ariange- 
ment 

Within the tumoi cell nest may be obseived cysts of vaiyiiig sue 
and pooily developed adenoid stiuctmes (not seen in many), and it is 
not uncommon to find the cells aiianged in a finely intei woven, lacy 
network Many of the cystic aieas aie empty, others aie occupied by 
a smooth, homogeneous substance, these aieas aie usually conti acted, 



Fig 2 (cutaneous group) — The patient had a twenty years history o a 
lesion of the skin of the face adjacent to the nose There was no reciirru 
during the one year of follow-up study The same cell type but different arran 
inent is seen as in the metastases from fatal cases in figures 6 and 9 


leaving a fiee aiea adjacent to the tumoi cells, and may be 
fixation The neoplastic cells aie modeiately hyperchiomatic 
Under high powei magnification the pahsade-like cells 
on the peiipheiy are cleaily seen to be pointing towaid the 
wdreie they are closel)’’ packed and naiiowei than elsewhere 
cytoplasm is scanty and is fiequently absent In ' ,^^235 

its appearance undei low^ powei , the nucleus now'’ show^s c ea 
^ _r yjij ving sire th 


its appearance undei lo-u^ porvei, the nucleus 
with many unifoimly distiibuted gianules of 
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areas there is a meshy network seen connecting the largei granules 
Nucleoli aie laie, and mitoses aie infiequent Many of the cells aie 
undergoing dissolution Ordinarily this process becomes more marked 
as one leai'^es the periphery and goes toward the centei At times onl}'- 
a poition of the nucleus can be seen, in some all has disappeared except 
the nuclear rim In those cases in which disintegration is complete, or 
nearly so, the gianules that had been m the nucleus may be easily 
detected lying between cells which are still intact This tendency toward 
dissolution can be found m individual cells, but the moie striking 



Fig 3 (noncutaneous group) — Small lump m the soft palate noticed for four 
months Regression was complete The patient was followed-up for si\ and a 
half j'ears The central adenoid spaces are veil marked 


examples aie those in ivhich small clusteis seem to paiticipate 
simultaneously m the piocess In the lattei instance the cystic aieas 
are foimed, and in the fonnei a granular stroma is seen vith here and 
there the absence of one or more cells 

When the C} sts are thus formed, the\ seem to enlarge progressu eh 
by the continuous dissolution of the marginal cells Thus these centers 
may become as 3^auning ca\erns contmualh advancing at the expense 
of the neoplasms This piocess becomes an attack from vithm and 
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one may wondei whethei at times the late of cential destruction may 
thus equal that of penpheial growth The enlarging cysts may meet 
others and coalesce with tliem 

It IS easy to conceive that the contents of the cyst may be made up 
of cellulai lemnants and debris Oidmaiily this appeals as a granulai 
coagLiium with occasional intei lacing fibrils In this stiucture, some- 
what as a matrix, theie may be embedded poitions of partially destroj'ed 
tumoi cells Thus it will be seen that what usually appeared as a homo- 



Fig 4 (noncutaneous group) — The lesion apparently originated in 
Four years' history of epistaxis The patient died five months after a 
with symptoms of meningitis Autopsy was not performed The patient p 
ably had an extension backward The lacv-hke network is prominent 


geneous mucoid substance under low magnification may 
itself under high power into a graveyard littered with remains o 
neoplastic elements I 

In a few instances the cysts contain a definite hyalinized ma 
resembling that often seen in squamous epithelium Also it is 
to find areas of connective tissue circumscribed by epithelial tumor 
and in such cases thev appeal as cystic structures containing conn 
tissue These might be teimed pseudocy^sts 





Fig 5 (case 1) — (Cases with generalized metastases ) The primary tumor of 
skin near the nose The enclosure of connective tissue by tumor cells, forming 
cysthke areas, is demonstrated 



Fig 6 (case 1) — (Cases \\itli generalized metasta'ses) This shows the meta- 
stasis to the spleen The cells ha\e changed character somewhat but arc definitch 
of the same tepe, as in figure 5 CnsIic areas are nnt numerous but nm. be lound 







392 


ARCHIVES OF SURGERY 


It IS not difificult to find some tumois in which the spaces are 
occupied by a bluish-white substance In most of these the cysts are 
poorly foimed It is reasonable to suppose that such a pictuie could 
result from the juncture of two oi moie stiands of tumor cells which 
had thus snared ofif a bit of connective tissue, and that the subsequent 
degeneiation of the connective tissue could produce a substance resem- 
bling mucus It IS doubtful if the cystlike aieas contain a true mucoid 
substance As far as one is able to deteimme with the microscope, it 
would seem that the intiacystic material is a product of cellular degeiier- 



Fig 7 (case 2) — (Cases with generalized metastases) The primary 
section) tumor of the submaxillary area Note the resemblance to thyroi 


pulmonary tissue seen under low power 

f Dr 

ation rather than of secretion Howevei, thiongh the kindness o 
Alfied Plant of the Woman’s Hospital (New' York) I have been 
to stud}' the mucicaimine reaction in two cases, premenstrual 
metiial tissue being used for a control The staining 
employed was positive in the adenoid cystic tumors, but it is ^ 

if the test is specific enough to differentiate between mucus 
from cellular activity and colloid material coming from tissue eg 
ation For the present it seems wise to leave this point unse 
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In some tumors there are well formed cysts which may exhibit a 
distinct membrane How the latter structuie is formed is not definitely 
determined The contents of the C}sts may have produced it by 
pressure, the force thus exerted being sufficient to cause condensation 
of intercellulai material Possibly the action of chemicals in the 
fixatives and stains may har^e something to do with it One cannot saj' 
In geneial, the adenoid structures are poorly developed, and one 
often has to imagine them In a few sections, however, they seem 
fairly definite and possess not only an internal but also an external 



Fig 8 (case 2) — (Cases with generalized metastases ) The metastasis in the 
lung from the pnmar}' tumor represented in figure 7 The character of the cells 
has been retained 


limiting membiane, each of which is well formed But e^en here the 
described unit often appears much more like a tubule or duct tiian 
a gland pioper In some sections I must confess that I hate found the 
adenoid structures wholly lacking, or else of an indefinite character 
Ttpicalh, the stroma is teiw scantt A few fibrils with some loose 
granular bodies mat be scatteied between the tumor cells Since most 
of this IS probabh a degeneration product of the tumor cells themsehcs 
one can assume that such a structure is hardh comiiarable to a true 
stroma In some instances there is some supporting connectnc tissue of 
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the usual sort, but as a rule this is leally e>.tianeous and has been infil- 
trated by tumor cells In only a veiy few places is it possible foi one 
to see a fine, closely packed connective tissue which seems to act in the 
nature of a capsule The connective tissue seems to be destroyed by 
the hquef active piopeities of the tiimoi 

Aside fiom the caitilage foimation mentioned, there may be other 
noteworthy stiuctuies In two sections there have been observed many 
small, closely packed blood vessels which occup)'^ a considerable portion 
of the tumor tissue In these the actively growing neoplastic cells seem 









3 ^ 





Fig 9 (case 3) — (Cases with generalized metastases ) The metastatic 
in the liver Central degeneration has begun, showing one method by 
cysts are produced The primary tumor was reported as adenoid cystic epi 
by a competent pathologist Some of the general features have un ^ 
changed, but the individual cells are typical and resemble those m figures 

to be infiltiating the walls They are not altogether typical, 
and It may be that the piohferatmg cells ate fiom the blood resse 
which case one may'- presume that one is dealing with a mixed tuino , 
angio-epithelioma, if theie is such a tumoi In one section 
to be hyperplasia of the mucous glands, but this piocess pioba ^ 
sents an excitation due to the invasion by tumoi cells lather la 
neoplastic i espouse 






Fig 10 — Recurrent nasal tumor, generalized metastases This illustrates the 
well marked cystic areas and the general character of the neoplasm 



















Fig 12 — Metastatic nodule in the omentum, X 85 The structure is identical 
with that in figure 10 
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SUMMARY 

In both the cutaneoxis and the nonciitaneons groups the age of 
appeal ance of the lesions, the lack of familial qualities, the tendenc} to 
l^rogression without limit and usual presence of ulceration all dispose 
one to believe that the cases of adenoid cystic carcinoma analyzed should 
not be classed with the relatively benign skin disorder known as adenoid 
cystic epithelioma or as Brook’s disease These cases aie more close!} 
related to the usual type of basal cell caicinoma (Krompecher), but 
many do exhibit adenoid and cystic features 

The study of etiology was interesting and slightly suggestne but 
nothing more Sex, occupation and nativit} seemed to have little if an} 
bearing on the disease 

The cutaneous lesions were situated for the most part on or near 
the nose or eyelids, while the palate was the most common site foi the 
noncntaneoiis tumors In the former it was usually the presence of 
ulceiation, and in the latter it was tumefaction, that caused the patient 
to seek medical advice The average duration of the skin lesions before 
the person came to the Memorial Hospital was seven and one-half 
years It was impossible to deteimine accuiately tins point in tbe other 
group 

In the follow-up study, no case was used unless it had been obsen ed 
for at least three years 

In the cutaneous group, fifteen patients were found suitable for such 
study , twelve had had previous treatment The treatment usual!} con- 
sisted of the application of salves, but in some cases both surgical 
intervention and irradiation had been employed either separatch or 
together Only one patient is known to have died, and the case was 
obviously hopeless from the start Recurrences and complications were 
frequent, but apparently the disease was finally controlled The 
average duration of treatment was slightl} more than two \ears 

Mixed basal and squamous carcinomas vere found in both cutaneous 
and noncutaneous gioups, but the number of cases nas too 'small to 
atlord more than passing comment It vould seem that the addition of 
squamous features gives a poorer prognosis 

In the noncutaneous group, fourteen cases could be traced for three 
}ears oi more In these cases the prcMOus treatment had iisu.ilh been 
surgical intervention At the Memorial Hospital this procedure vas 
used as an adjunct to irradiation In man} of the cases palliation vac 
all that could be expected The inortalit} rate pro\ed to be about 
50 pel cent The complications were numerous and se\ere 

I belieee that the great difierence in mortalit\ between the tv o 
groups cannot be explained on the basis of histologi but rather on the 
fact that in the noncutaneous t\pe the anatomic setting facilitated the 
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dncct extension of the disease into the accessory nasal sinuses and 
thence even into the cranial cavit) Intection as well as tumor can 
{proceed b} the same loute and thus dispose of the patient 

\denoid cystic basal carcinomas are ordinarily radiosensitive, and, 
as a geneidl rule, the patients should be tieated by ii radiation (prefer- 
abh ladium) piimaiily and surgical intervention secondaril}/ 

The histolog\ of these tumois is extremely interesting The teiin 
adenoid cystic cai cinoma is explanatory Many cases lack the glandular 
features, and in some the cysts are poorly developed The supporting 
structure is composed of connective tissue, and m some instances it may 
contain a substance lesembhng mucus The intiacystic mateiial is 
probably the remains of degenerated neoplastic cells and is not a tiue 
secietion The mucicaimine reaction was positive m the only two cases 
m which It was employed, but it is not behe\ed that it is necessarily 
specific for mucni 

REPORT OF CASES 

There were three cases in which generalized metastases were found 
These cases had no squamous featuies, and then unusual course war- 
lants separate, detailed leports, therefoie, they were not included in 
the foregoing cases I believe that such widespread dissemination of a 
basal cell cai cinoma has not been reported before, or if so I have not 
found an account of such The fact that a basal cell carcinoma may 
metastasize is given little thought by most physicians, and, although 
such an extension is raie, one should keep in mind the potential dangei 
of these tumors In the “adenoid c}stic” subdivision of basal cell 
carcinoma, the possibility of generalized metastases should not be 
forgotten It is hoped that the following case reports will justify this 
statement 

C\si: 1 — Histoty — \ white man, a clergyman, m 1917, at the age of 58, 
noticed a “spot” 2 mm in diameter on the cheek near the right nasolabial fold 
It looked like a bit of black dust, was crusted and would not heal Several 
months later the lesion was treated with radium Apparently the lesion disap- 
peared, onh to recur tuo years later, when it was again subjected to an appli- 
cation of radium The regression was not as satisfactory as on the first occasion 
The following jear the area was excised and skin grafted The diagnosis by a 
competent pathologist was basal cell epithelioma of the face Three months later 
a recurrence m the scar uas excised 

Follow ing this treatment the patient had four other excisions for recurrences 
Each time the diagnosis of basal cell carcinoma was returned He also recene 
fi\e applications of radium on the edges Injections of an unknown calcium 
preparation were gnen 

Although m 1920 he was treated twuce for recurrences in the outpatien 
department his first admission to the klemorial Hospital was on July 7, 1 
He stated that for the past fi\e months prior to admission he had had gen 
cralized subacute pain in the sternum and ribs The distress was accentua 
b^ breathing deeph Three months before admission he had a pathologic enc 
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turc of llic rigiil cl.i\n.lc Scxcnl \\i.cks I)cforc comiiiR to llic ^rcIlU)^nI Hos- 
pital ht was conntosc, but rccoNcitcl fiill\ and proniptlj In at least two other 
institutions of hiiilicst rank (in one of winch he hul been preeiousK treated) 
the diagnosis of multiple mjeloini was made from \-r<n inctnres I he roentgeno- 
grams confirmed tiie finding ot destruction of hone in the sjnne, rilis, skull, ]h,1\is 

and othei hones Despite some itspieal fe.itnres m the \-ri\ films and disre- 

garding the existence ol i j)re\ions hisd cell e ircinoma, iiectinse the\ were not 
thought to nutastasire, the ])ro\isional diagnosis of multiple nnelomi of the 
hones seemed justified 

Pltv^nal Luvitwalioii — 1 he piticnt w is well deeelojKd and iionrislied, and 
intelligent, dert and resiKinsne I he right ah nisi w is .ihseiit 1 iiere w.is i 
slight ulceration of the nasal lesion, .ind the edges were somewhat raised I he 
lesion a])]>eared to he in nnhe iled Iieingn proeess rathei th in ■! recurrent c|)ithe- 
liomi OlherwisL, the nose was normil 1 here w is a slight protuberance o\er 
the right ninth rih anteriorh 1 he abdomen was soft hut slighth distended 
The urine occasion ilh rcieiled h\ ilme and grannl ir cists Dxamm ition for 

Bcnce-lones bodies gaee negatne results 1 he hlooel count aaried from a hemo- 

globin of 90 per cent with -1,200,000 red cells on admission to a hemoglobin ot 
50 per cent witli 2,500 000 red cells about two months afterward Calcium was 
15 8 mg i>cr hundred cubic centimeters of blood Nucleated red blood cells (one 
to fi%e) were found m four of the ele\en ex iinm itions 

hcatmi.nl — (1) \ moderate .imount of external irradiation with the 4 Gm 
radium pick and the high \oltige roenlgenra> w is gnen o\er the chest and back 
(2) A glass hull) (ndon) was applied once to the nose (3) Dltraviolet light 
was applied on the trunk 

Gcncial Com ^c — ^Wlnle the patient was m the hospital, the general course 
was slow and progressueh downwarel, elnracten/ed In anorexia, malnutrition, 
mild rise m temperature, slight eleaation of pulse r.ite and gradual diminution 
m mental power T he patient died on Jan 5, 1928, at the age of 68, the disease 
haaing lasted ten jears 

Autopsy — ^farked emaciation was c\idciit The right ala nasi was missing 
the ulcerating tissue appeared neoplastic There was a marked, lateral, thoracic 
scoliosis of the right side There were man\ rounded tumor nodules m the ribs 
Extensne adhesne plenrisa was present on the left side and slight on the right 
The heart w'as small, the muscle was brown, and the right side was distended 
The right lung was emphjsematoiis, with a few' indurated bronchial thickenings, 
both lungs suggested neoplastic invohcment The spleen was dotted wath miliars 
nodules The liver w’as normal m sire, with small nodosities on the superior 
surface, of the right lobe The kidness ssere small, the capsule ssaas stripped, 
leaving a granular surface, the cortex svas thin There ss-erc numerous adhe- 
sions from the omentum to the peritoneum, one of svhich produced some con- 
striction of the cecum The urinary bladder ss’as distended svith cloudy, purulent 
looking fluid The prostate svas small and normal There svere calcific deposits 
in the dura mater, there svas edema of the pia mater, and the brain and hypo- 
physis svere normal The skull ss'as honeycombed svith numerous fattv-like, 
partially calcified areas It svas much enlarged and thickened The same process 
appeared in the ribs, clavicles, pelvic bones and femora 

Diagnosis — ^Ihe anatomic diagnosis (microscopic) svas (1) adenoid cjstic 
basal cell carcinoma arising from the skin of the right cheek, extending into the 
nose and metastasizing to the dura mater, lungs, spleen, liver and various bones 
(notably the skull) , (2) chronic arterial nephritis , adhesive pleurisy 
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2. — Histoiy — The patient was an elderly, white, business man, whose 
exact ai?e does not appear on the record and who gave no history previous to 
Nov 13, 1911 A.t that time he had a localized, easily shelled out tumor It 
was situated near to but was separate from the left submaxillary salivary gland 
(report trom attending surgeon) It seemed to be lying in the subcutaneous tissue 
Pathologic examination revealed adenoma with probably commencing cancer 


Ticatincui — On July 21, 1913, there were one nodule, the size of a filbert, at 
the upper part oi the old incision, several metastases m the fat tissue and an 
infiltrating mass extending beneath the mylohyoid muscle backward beneath the 
great vessels, involving these and the adjacent muscle The facial artery was 
thickened The hypoglossal and glossopharyngeal nerves were saved with diffi- 
culty, the branch of the facial nerve going to the mouth was sacrificed The 
dissection extended down to the cricoid cartilage (where a soft gland was found) 
and to the constrictors of the pharynx The procedure was radical and complete 
By pathologic examination, the cells seemed typical of endothelial rather than of 
epithelial origin The tumor was pronounced malignant 

During the winter of 1913, the patient froze his face and had considerable 
irritation of the skin In May, 1914, one gland was found m the submental 
triangle and another in the submaxillary space A thorough dissection was per- 
tormed Pathologic examination showed normal lymphoid structure with fat and 
fibrous tissue, but no new growth 

On Jan 16, 1916, a fourth operation was performed for recurrence beneath 
the jaw and another lesion over the lower border of the jaw, external to the 
mandible The largest gland was 1 cm m diameter Complete dissection was 
carried out The tonsils were enlarged so that a tonsillectomy was performed 
Gross pathologic examination revealed the tissue from the neck was 5 by 4 bv 
2 cm , in which there was a dense nodule 1 cm m diameter Microscopic exami- 
nation revealed tubular glandular tissue, and one place infiltrated into the con- 
nective tissue The diagnosis was adenocarcinoma The rest of the tissue was 
normal The tonsils were large but normal with few enlarged crypts 

On June 5, a nodule (just above the hyoid bone) and the digastric muscle were 
removed, together with the two small nodules along the hypoglossal nerve, which 
vv^as then sacrificed Pathologic examination showed a piece of tissue, the size 
of the little finger in the midst of which there was a dense infiltrating growth 
composed of large plexiform masses of small, undifferentiated epithelial cells with 
a marked tendency to degeneration, forming small nnglike openings Masses 
of cells were separated by trabeculae of connective tissue There were also small 
solid masses m the adjacent fibrous muscular tissue The diagnosis was carci- 
noma not classified 

The patient was treated by the staff of the Memorial Hospital from Oct 3 , 
1920, to March 7, 1926 When first seen, he had a nodule in front of the leh 


mastoid process, and there was some bulging m the left tonsillar fossa 

He received seventeen treatments with radium, distributed as follows nc^ 
(tour), submaxillary area (four), spine (seven) and chest (two) All of tic 
treatments were external except three to the submaxillary space, which vs ere 
interstitial Palliation was slight, and the patient died on March 13, 1926, fifteen 


vears after the first operation 

Autopsy — The patient was well developed and nourished Below 
side of the jaw there was a depressed area of scar tissue 10 cm long, shgit 
adherent to the mandible The skin was leathers^ and the buccal mucous 
brane was intact There were no gross signs of tumor on section Tic e^^ 
tonsillar region was the seat of a firm, leatherv^, cicatricial mass, 4 cm m m 



SPirj;— \DLNOID USIIC CARCIN0M4 


401 


ctcr, lno^^I)lc on the deep tissue tind ^dhcrt^l to the intact imicosa Tlicrc were 
sc\cral innuitc c\sts filled with imieus -uid some calcific points No definite 
tumor was Msihle M the level of the base of the tonmic was a third mass, 

2 cm across It w is hard and cont lined m nij cjsts, considerable opaque tumor 
tissue and numerous blood sinuses The heart w<is large, but was otherwise 
normal In the visceral ]>cricardmm there vv is a fibrous plaque 3 cm across 
Two hundred centimeters of stnivv -colored fluul was found m the pleural cavities 
The pleurae showed a dense geneiah7ed fibrous thicUcnmg, and thev were the 
site of fiat, cicatrired, ceiitrallv depressed tumor masses, averaging from 1 to 

3 mm m diameter In the lungs were numerous tumor nodules, from 0 5 to 
2 cm m diameter Some tumor m isses apiwared dcnsclj fibrosed, while others 
were soft There was no enlargement of the Ivmph nodes, congestion or pneu- 
monia The spleen was shghtlv enlarged, the follicles were invisible The liver 
was of normal sire with a few iniharv tumor nodules The suprarenals, stomach, 
pancreas, hi idder and prostate were normal In the spmc there was a slight 
sharp kvphosis of the fourth and fifth lumbar vertebrae The right transverse 
process of the fouith lumbar vertebra was enlarged and the jxiriostcum was 
thickened The bodv of the sacrum, all of the lumbar, the eleventh and the 
twelfth dorsal vertebrae cut readilv with a knife The osseous tissue was con- 
gested and mottled throughout hv opaque tumor areas The remaining bones 
were not examined 

Diaqiiofi <! — The anatomic diagnosis (microscopic) was recurrent carcinoma, 
originating m the left subniaMllarv space extension to the left tonsil and base 
of the tongue, mctastascs to the lungs, pleurae, liver and spinal column 

Comment — In the scar tissue below the left side of the jaw were scantv tumor 
cells which were atrophic and degenerated The tonsillar miss showed fibrosis 
and calcification On the lower edge there were isolated foci of tumor cells 
which contained vvidelv' dilated blood sinuses In the intermediate nodule at the 
base of the tongue there was well preserved tumor tissue with main small mucous 
evsts The lungs exhibited difTuse fibrosis and degeneration of the tumor cells 
together with some foci of the large cells with hv jxirchromatic nuclei The liver 
presented active proliferation of the tumor cells, and m the spinal tissue there 
was alveolar and diffuse carcinoma Some of the bone-marrow showed a yiecuhar 
necrosis 

From the foregoing data, the following conclusions regarding the course of 
the disease seemed warranted The tumor in the neck, below the jaw, had been 
devitalized and rendered quiescent The tonsillar mass showed living tumor 
tissue, especially along the lower border, and the usual development of the venules 
offered a channel through which the disease might have become disseminated 
Many of the nodules m the lung probably existed for jears and had undergone 
spontaneous fibrosis Many others were more recent and were somewhat activ'e 
The presence of most of the tumor masses m the wall of the chest rather than 
in the lung accounted for the absence of pulmonary sjinptoms It is possible 
that the pulmonary metastases occurred several jears before examination, but 
It may be that they began more recentlj', being transported direct from the 
vascular areas of tumor tissue in the neck The main cause of the rapid decline 
was probably due to the swift course and destructiv'e nature of the lesion in the 
spinal column It was difficult to account for the extreme congestion and exten- 
sive necrosis of tissue in the spinal vertebrae 

Case 3 — Htstoiy — white woman, aged 50, presented herself at the Lexing- 
ton Clinic, Lexington, ICy, in March, 1928, at which time she said that she had 
had a nasal discharge for the past two and a half years There had been three 
severe nasal hemorrhages, the blood from one of which measured about 2 liters 
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Examination — Examination at the clinic revealed a widening of the bridge 
of the nose rvith marked dilatation of the alae nasi The tumor completely 
obstructed the right nostril and the septum was pushed so far to the left that 
the kft nares was also obstructed The tumor w'as fungoid and bled easily 
Her general condition was poor, and her hemoglobin was only 35 per cent 
X-rav pictures of the lungs revealed several areas that were interpreted as old 
healed tuberculosis 

Tieatmcnt — A.t operation, the tumor was found to be confined within the 
septal mucous membrane, which was degenerated but intact except at the right 
mucocutaneous junction from which the tumor mass protruded The mass showed 
practically no m\asion The entire septum was removed by means of actual 
cautery, and four dajs later radium (1,000 milligram hours) was inserted 
Com sc — ^The patient was sent home two weeks after operation Three months 
later she returned for examination, and no evidence of disease could be found 
in the nose She complained of pain in the abdomen and had a palpable epigastric 
tumor It was felt that the tumor might be a metastatic carcinoma, but on 
account of the diagnosis of basal cell carcinoma, adenoid cystic type which had 
been correctly returned by one of the country’s most eminent pathologists, it 
seemed that the mass might be something other than a metastatic carcinoma, and 
exploratory operation was performed A neoplasm measuring about 8 cm across 
w'as found in the superior surface of the left lobe of the liver A biopsy was 
taken and the abdomen closed without further examination 

The patient was sent home and has been observed several times since A 
report on May 11, 1929, from Dr E C Yates of the Lexington Clinic stated 
that X-ray pictures of the skull were negative Roentgen examination of the 
chest showed several metastatic areas, and in the right upper end of the humerus 
was an area of destruction due to raetastases The spine, pelvis, hips and both 
femurs were negative for metastases The patient had a large tumor mass in 
the abdomen and had a considerable amount of pain mtermittentlv The patients 
general condition, however, looked good She showed a secondary anemia , 
urinalysis gave negative results The local area in the nose showed no gross 
evidence of recurrence, but there were two small nodules in the external can- 
thus of the right eye and one larger nodule near the left lower alar cartilage 
On Oct 31, 1929, Dr Yates wrote The patient had metastases to the right 
humerus , the remainder of the bony skeleton was intact She also had metas- 
tases throughout her entire abdomen and her chest 

Autopsy — The body was that of an extremely emaciated white woman about 
53 years of age The abdomen was markedly distended, and the superficial blood 
vessels were prominent on the right side A small, firm, nodular tumor was 
present just below the inner canthus of the right eye Numerous, small, brown, 
slightly raised areas were in the skin over the side of the chest and abdomen The 
peritoneal cavitv contained about 8 liters of clear, amber-colored fluid There 
was about 30 cc of blood-tinged fluid in the right pleural cavitv' The left lung 
was studded with firm, grajish nodules that varied from 1 to 40 mm m 
diameter The posterior portion of the upper lobe was replaced b) a large mass 
of this firm tissue The right lung was essentially the same as the left, but the 
right pleural cavitv contained no fluid The ribs were the seat of extensive 
metastases, being more marked on the right where the sixth and seventh ribs 
exhibited pathologic fractures posteriorlv' Grosslj, the v^ertebrae were 
and the head of the right femur was involved The heart was normal 
mediastinal hmph nodes were shghtlv' enlarged The liver was tremendous, an 
was occupied bv a large tumor mass and a few smaller ones Sections through tie 



<j pii: s— iDL \ nil) a s'/ ic c irc /a om. i 


40 ? 


iicoplnstic tissue rL\cilcd iinin iiiiiiutc ci\itics <uk 1 n few Kir/^c splices rilled 
witli clear fluid Hit gallbladder was not unusual Hie stnmacli was distended 
with gas an was eloseK adherent to the under surface of the Iner The inferior 
surface of the diaphragm was sjiotted with numerous, gra\ish-white plaques, 
and this condition existed throughout the peritoneum The spleen was surrounded 
b\ firm adhesions but w<is not enl irgcd \ few small gra% tumors were in the 
capsule and sulistance of this organ The ktdnees were normal, except for dilata- 
tion of the pehes The ureters were distended The suprarcnals showed no 
gross lesions The omentum, mesentcre oeancs and fallopi in tubes were masses 
of tumor tissue The uterus was normal The meninges and brain were norm il 
In the right side of the nose (posterior, superior and lateral portion) there was 
a pedunculated, iriable tumor 3 cm in diameter 

lIt<;tolori\ — Sections from the tumor m the nose re\ealed a bisal cell carcinoma 
enclosing numerous small and large cests which contained a pale staining mucoid 
material The histologic structure oi the tumors in the lungs, Iner, peritoneum, 
omentum, ovaries, fallopian tubes and the ribs was identical to that of the nasal 
neoplasm 

Diagnoui — The anatomic diagnosis was primarv .idenoid cvstic basal cell 
carcinoma of the nose with extensne gcnerali7ed metastases 


SLMM \U\ 

In the fit St case the tunioi .ipparentl} originated in the skin of the 
cheek near the right nasolabial told It lan a slow course for \ears, 
remaining localircd but finalh destrojed the right ala nasi Recurrences 
were persistent despite the efforts of roentgenologists and surgeons 
Without an} increase in the actnity of the local tumor there was wide- 
spread metastases to the bones and Mscera This dramatic change was 
confused with multiple mveloina, for it was thought that the basal cell 
nature of the tumoi of the skin precluded its metastasis 

Possibh the priinai} site of the neoplasm in the second case was in 
the submaxillai} salnaiw gland, but it was thought to be separate from 
It The lesion was caih suspected ot being an adenocarcinoma and w'as 
thoioughl}" operated on several times The progress of the malady was 
slow but stead} Irradiation was enlisted as a last resort, and the local 
effect seemed beneficial, but the dissemination w^as wude and distant 
The mucous membiane of the nasal septum gave rise to the carci- 
noma in the third case The patient did not present herself for treat- 
ment until she had had severe hemoirhages and almost complete nasal 
obstruction Soon after that she had a palpable tumor m the epigas- 
trium which proved to be metastasis, and the x-ray films revealed areas 
of increased density in the pulmonary fields This patient is still living 
and has showm favorable effects fiom the treatment (surgical interven- 
tion, locally, irradiation there and to the metastases), but undoubtedly 
she IS doomed This case differs from the other two in sex, slightly 
younger age and lack of treatment until the disease was advanced 

In each of the three cases the tumor originated m supposedly differ- 
ent tissues, but they presented a somewhat similar histologic structuie 
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It IS realized that the tumois may conceivably have begun in misplaced 
bits ot tissue thus following out the Cohnheim theory, but this assump- 
tion does not seem waii anted 


CONCLUSIONS 

1 Adenoid cystic caicmoma is piobably a distinct disease and should 
not be confused with adenoid cystic epithelioma as described by Brooke 
and Ford}ce and should be regarded as different from adenocaicinoma 

2 There are two geneial gioups, both being based on whethei the 
tumors arises from a cutaneous or a noncutaneous site This grouping is 
justified by the low mortaht}'- in the foimer as compared to the high 
death late m the latter 

3 The h’stologic structuie in the cutaneous and the noncutaneous 
groups IS similar, and in each it closely lesembles that of adenoid cystic 
epithelioma of Brooke and Fordyce The cystic form of rodent ulcer is 
likewise confusing, and histologically may be identical with the cutaneous 
type of adenoid cystic basal cell carcinoma In the noncutaneous tumors 
one must lule out adenocarcinomas and so-called mixed tumois of the 
salivary glands The histoiy and physical obseivations aie impoitant 
aids in making the differential diagnosis m each type 

4 Adenoid cystic basal cell carcinoma is a radiosensitive tumoi and 
should be treated piimanly with iiiadiation and only secondarily with 
surgical proceduies One should not tempoiize, the therapy should be 
applied early and vigoiously 

5 Although theie aie well authenticated but laie cases in the liteia- 
tuie in which oidmary basal cell caicmomas have extended to the 
regional Ijmph nodes, I have failed to find instances m which theie weie 
an} proved distant or generalized metastases That such widespread 
dissemination may occui is believed to be reported here foi the fiist time 
It is this feature that I particularly wish to emphasize 

Note — S ince the compilation of the data m this article, theie haie 
been several cases in which the invasion of bone by “adenoid C}Stic basal 
cell carcinoma” has occuried This ability of this type of tumor to 
metastasize to bones is upheld in a case report recorded by Martin 

ilost of the material came from the service of Dr Douglas Quick Dr E C 
\ ates, Lexington Clinic, Lexington, Ky , supplied data on one of the most impor 
tant cases Dr Alfred Plant of the Woman’s Hospital, New York, stained some 
ot the material for mucin The photographs were supplied by ^fr 
Dunn 

52 Martin Haies E Adenoid Cystic Epithelioma of Scalp, vith Dissemm* 
tion to Bones, Bull Memorial Hospital 3 46, 1929 



TOPOGRAPHIC RELATIONSHIP BETWEEN THE NERVE 
PLEXUSES AND LYiMPH NODES OF THE 

ABDOMEN - 


PROF F KISS 

S/IGII), 11U^(.AK\ 

The standard anatomic texts, such as those of Giay,^ Bardeleben and 
Haeckel,- Pouiei,'’ and lestut,‘ as well as the monogiaphs of Mullei,"’ 
Baitels,® Hovelacqiie " and otheis, gne exact desciiptions of the topog- 
raphy of the abdominal neive plexuses and the abdominal lymph nodes 
Up to the picsent, howevei, theie has been no desciiption of the topo- 
graphic lelations between the two systems Clinical expeiience teaches 
that metastases and inflammatoiy piocesses m the abdominal lymph 
nodes cause \aiious symptoms, such as p<im and functional disturbances 
in vaiiovis’-oigans Euithei, it has been seen that aftei operative removal 
of such nodes seveie postopeiativc complications, such as paral}sis and 
tiophic disturbances, often occui The pin pose of this papei is to give 
a topographic-anatomic exiilanation foi these phenomena My studies 
concerning this question aic all made on human material, and my 
illustrations m the text weie also dciived fiom the same souice In 
general, I have chosen for ni} obseivations cadaveis (those of children 
and adults) in which the abdominal lymph nodes weie somewhat 
enlarged In piepaimg my specimens I used most of the modern 
methods,® such as dissection undei watei, digestion with acidol-pepsin, 
etc Fresh oi partially pieseived mateiial may with great advantage 
be kept in lunning watei from fourteen to sixteen days dining the 
process of dissection By this means the connective tissue becomes 
edematous and remains soft, while the lymph nodes and nerve fibers 
retain then original consistency 

Submitted for publication, Feb 27, 1930 
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In the following- description, I shall discuss the topogiaphic relation- 
ship of the separated lymph node groups to the nerve plexuses In 
the nomenclature of the nerve plexuses, I shall use the classification 
that I have published in collaboration with Ballon ® 

The cardiac or paracardial lymph nodes he in the immediate vicinity 
of the A^agus nerves (Jamieson and Dobson The left group of 



Dg 1 — This figure and figures 2, 3 and 4 show the topographic relationship 
between the nerve plexuses and the tymph nodes of the abdomen Here 1 indicates 
round ligament , 2, cj^stic node , 3, CA'^stic artery , 4, hepatic artery , 5, right celiac 
ganglion, 6, hepatic node, 7, liver, 8, left gastric artery, 9, lumbar part of the 
diaphragm , 10, paracardial nodes , 11, aorta , 12, right vagus , 13, left vagus , j 
esophagus, 15, paracardial nodes, 16, cardiac branches of the vagus, 17, superior 
gastric nodes , IS, splenic arterj and plexus , 19, pancreas , 20, splenic vein , > 

pancreatic plexus , 22, p 3 doric plexus , 23, gastroduodenal artery w'lth nen es , T 
head of pancreas 25, duodenum , 26, pancreatic plexus , 27, hepatic plexus , - > 
common duct 29, gallbladder 


9 Kiss, r, and Ballon, H C The Celiac Plexus and Its Branches, -^rch 
Surg 19 399 (Sept ) 1929 

10 Jamieson and Dobson in Poirier (footnote 3) 


KISS—ADDOMINIL PLLWSBS AND U MPH NODES 407 


these nodes lies diieclly on the gastiic blanches of the left vagus which 
lun along the anteiioi sin face and both cuivatines of the stomach 
(fig 1) Hence even the tiunks of the vagi can be influenced by 
these nodes 

The uppei gastiic nodes (hmjihoglandulae gastiicae supeiiores) 
foim a chain aiound the left gastiic aitery This aiteiy is accom- 
panied in its couise b}' two laige blanches of the vagi, one fiom each 
vagus, m addition to othei small gastiic blanches that take part in the 
formation of the celiac plexus These aie the paiasympathetic (vagus) 
loots of the celiac plexus which supplies most of the abdominal oigans, 
such as the Inei, panel eas, kidneys supiaienals and intestine Whethei 
these fibers haie specific cells m the celiac ganglions oi mereh ti averse 
these ganglions and hai'e then ganglion cells only in the lespectne 
organs is still an undecided question Foi my obseivations it is impoi- 
tant only to know that these blanches aie exposed to compiession or 
iiritation fiom inflamed (enlaiged) l}mph nodes In the operative 
lemoial of the hmph nodes, injui} of these impoitant nenes is 
inevitable 

One gioup of these nodes, the nght gioup, lies in the hepatoduodenal 
ligament m fiont of the portal stiuctuics immediatel) o\ei the fine 
blanches of the hepatic plexus These nodes aie called the hepatic 
l 3 mph nodes (fig 1) They he in the loose connective tissue ot the 
hepatoduodenal ligament in close lelationship, on the one hand, to 
the portal stiuctuies such as the hepatic arteiy, the poital vein and 
the common duct, and, on the othei hand, to the fine nerve branches of 
the hepatic plexus As Ballon and I ha\e shown in the aforementioned 
publication, the branches of the hepatic plexus aie exposed to manifold 
injuries in opeiations on the biliary passages As figuie 1 clearly shows, 
this plexus can also be greatly influenced by pathologic changes in the 
hepatic l 3 anph nodes Radical removal of the nodes can result m 
destruction of the greater part of the plexus Since the lessei cuivature 
of the stomach in the living lies much nearer to the hilus of the liver 
than IS shown in figure 1, the branches of the pyloric plexus, the gastro- 
duodenal plexus and the pancreatic plexus (fig 1) he in the immediate 
vicinity of the hepatic nodes The cystic node (fig 1) lies on the C 3 ^stic 
duct, where it comes in contact with the cystic artery and the C 3 '^stic 
branches of the hepatic plexus If the duodenum and the head of the 
pancreas are grasped and these structures are pulled to the left (figs 2 
and 3), important topographic relationships are seen between nerves, 
lymph nodes and ganglions The posterior pancreatic nodes are 
seen lying on the head of the pancreas with the nerves to the head of 
the pancreas (figs 2 and 3) Three nodes in the vicinit 3 '- of the duode- 
nojejunal flexure lie in close connection with the origin of the large 
superior mesenteric plexus (figs 2 and 3) On the posterior abdominal 
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rig 2 In tins figure, J indicates the kidney, 2, gallbladder, S, right sympa- 
c cord uith retroperitoneal lymph nodes, 4, aortic plexus with aortic bmph 
no es , , renal plexus, 6, right celiac ganglion, 7, round ligament, 8, liver, 9, 
C 3 S ic arter\ and Ivmph node, 10^ cehac lymph nodes, Ji, common duct, 12, portal 
en wit 1 lepatic plexus, 13, duodenum (posterior surface), 14, pancreas, 1^* 
lymph nodes 16, jejunum, 17, superior mesenteric plexus, 
lelt renal plexus, 19, left colic vein, 20 left aortic lymph nodes, 21, internal 
spermatic vessels with nerves, 22, nerve to the descending colon, 23, left hid- 
, , sigmoid vein, 25, inferior mesenteric artery and plexus, 26, left svin- 

pathetic cord 27, aorta with aortic plexus, 2S, inferior vena cava, 29, ureter, 30, 
right colic veins 
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\\all to the light of the aoita, the light celiac ganglion — a flat, soft 
stinctuie — lies in the letiopeiitoneal connective tissue Immediately 
on Its anteiioi suiface aie two oi thiee laige lymph nodes (the celiac 
iMiiph nodes, figs 2 and 3 ) The ganglions as well as the lymph nodes 
111 the living are coveied by the head of the panel eas and the deep 
pancreatic nodes It can cleaily be seen fiom my specimens that the 
celiac ganglion can easily be influenced by vaiioiis pathologic changes 
111 the afoiementioned nodes Since the celiac ganglion is to be con- 



11 


Fig 3 — In this figure, 1 indicates the light kidnej', 2, renal arter}’’ uith plexus, 
3, suprarenal body , 4, suprarenal plexus , 5, phrenic ganglion , 6, suprarenal lymph 
node , 7 , diaphragmatic plexus , 3, celiac ganglion , 9, celiac lymph nodes , 10, 
hepatic plexus, 11, head of pancreas, 12, duodenum (posterior surface), 13, 
posterior pancreatic nodes , 14, superior mesenteric plexus , 15, aortic plexus with 
aortic nodes , 16, aorta , 17, sympathetic cord with lymph nodes , IS, ureter 


sidered as a topographic and also partly as a physiologic center of the 
abdominal plexuses, it is clear that irritative stimuli of this ganglion 
can be referred to all abdominal organs Figure 4 shows that the 
branches of the superior mesenteric plexus in the mesentery he in close 
lelationship to many other lymph nodes From a topographic stand- 
point, however, the aforementioned pancreatic nodes as well as the 
celiac nodes seem to be fare moie important, because by influencing 
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the celiac ganglion and the mam roots of the entire superioi mesenteric 
plexus, they can influence the greatei part of the intestines 

Figures 2 and 3 show the huge aortic plexus with the numerous 
aortic l}mph nodes All of these stiuctuies he in the retiopentoneal 
connectn e tissue on either side of the aorta Smaller and larger nerves 
as well as the ganglions he in close lelationship to the l}mph nodes 



Fig 4 — In this figure 1 indicates the superior mesenteric vein, 2, branch 
superior mesenteric arter}" with nerve, 3, inferior vena cava, 4, duodenum > 
pancreas , 6, middle colic vein , 7, mesenteric lymph nodes , S, nerve to the trans 
verse colon, 9, superior mesenteric plexus, 10, duodenojejunal flexure, 11, n’* 
mesenteric Ijmph nodes, 12, left colic vein, 13, branch of superior mesenteric 
arterv with nerves, 14, branches of the superior mesenteric artery and plexus 
the small intestines) 

Since the dissection of the complicated nen^es and lymph nodes requires 
a most painstaking technic it can be readily understood that the ordinaO 
operative removal of these nodes is accompanied in ev^ery case 
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appieciable injuiy of the nenes and ganglions A topogiaphic study 
of these stiuctuies explains the vaiious pieoperative and postoperative 
complications of the lymph nodes, such as lefeiied pains, functional and 
ti opine 01 game distuihances, etc Foi a clear undei standing of this 
question one must not foiget that all of these neive plexuses contain 
fibers fiom the s} inpathetic, paiasympathetic (vagus) and spinal nerves 
(sensoiy) and piobably also special trophic fibeis These separate 
fibeis aie influenced sepaiatel}'- or simultaneously by pathologic changes 
111 the lymph nodes 

The lenal nei\e plexus (figs 2 and 3) also is closel} related to 
seveial l}mph nodes (lenal nodes) 

Figuie 2 shows the oiigin of the infeiioi mesenteric plexus with 
the one hmph node among the neive fibeis Since the number of the 
l}mph nodes vanes in difterent persons, a gieatei number of nodes 
may be found in a special case than any of the foiegoing illustrations 
have shown 

Figuie 3 furthei shows the supraienal and the diaphragmatic 
plexuses which also aie closely i elated to the nodes shown in figures 1 
and 2 

The supeiior mesenteric plexus in the radix mesenteiii surrounds 
the trunk and the branches of the supeiior mesenteiic aiteiy (fig 4) 
As figure 4 shows, innumeiable mesenteiic nodes he diiectly on the 
nerve fibeis, and some aie even between the fibeis 

SUMMARY 

1 The abdominal lymph nodes he in close topographic connection 
with the ganglions and neive plexuses 

2 Pathologic changes in the lymph nodes, such as hyperemia and 
enlargement, may cause vaiious neivous symptoms, such as iintation, 
paresis, etc 

3 The ordinary operative removal of diseased lymph nodes may 
result in vaiious injunes to the nerves and ganglions This explains 
various postoperative complications aftei such opeiative procedures 
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Resume 

My purpose in this paper is to examine the evidence in support of 
the theory that a functional disturbance of the physiologic relation^ 
ship between the ovary and the breast is an important factor m 
genesis of many forms of tumor of the breast 

Since the literature on mammary neoplasms ahead} 
repoits of many scattered observations and a few definite studies R 
favor such a contention, an important part of the present underta HL 
must be the cooidmation of some of the recorded material into n R 


IS hoped ma} be a logical conception , 

The histologic aspect of neoplasms of the breast has receiie 
attention of the pathologists of several generations so that it app 
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unlikely that much fuithei piogiess can be made at piesent by means 
of morphologic studies For this leason, I will be content with pievi- 
ously described and for the most pait accepted pathologic stiuctuies and 
will concern m3 self onl}'' with the attempt to con elate these stiuctures 
with the physiologic conditions undei which they occui 

The clinical approach to the etiologic pioblem has also leceived 
much attention, but such studies made with a constant legard foi the 
precepts of breast ph3'siolog3'^ have been few and impeifect Yet the 
coi relation of special distuibance of function with particulai deviations 
m form ma} v ell be at the 1 oot of the tumor problem, and until moi e 
exact methods ha\e been devised, the abnoimahties of breast physiology 
are best discoreied by the clinical histoi} of its past perfoimance and 
the determination of its physical condition and that of its associated 
organs 

The view that specific ph3SioIogic disturbances aie concerned in the 
production of tumors suggests at once that many errors may have been 
made by students of mammaiy neoplasms on account of a piejudice in 
far or of the irritative agents that have been satisfactonl}’- demon- 
strated as predisposing to cancel in other organs and a scant regard for 
the phj'Siologic difteiences inherent m the breast cells The result of 
comparing the tumors of the breast rvith those of other organs can be 
made to lead to quite different conclusions The tissue which evolves 
cancer most definitely m response to external irritation is squamous 
epithelium, rvhose normal function of the protection of underlying soft 
parts is evoked by this type of stimulus The epithelioma can therefore 
be regarded as the result of an excessive reaction to the specific stimulus 
to which the squamous epithelial cell is ph3’'siologicall3'^ best adapted to 
respond If such a conception is correct, one must look for a different 
type of stimulus for the tumors that arise from the glandular tissues 
of the breast 

This stud)'- of the evidence leading to the belief that an endocrine 
disturbance is an important factor in the causation of tumors of tne 
breast is presented in the following form 

1 A consideration of the stimulus which normally produces proliferation in 
the breast shows that it is the oiarian secretion to which the breast cell is spe- 
cifically responsive throughout life 

2 A consideration of the changing- histologic structure of the breast shows that 
many of the pictures incidental to a normal response of the parenchyma of the 
breast to the ovarian secretion differ only slightly from that of certain neoplastic 
processes 

3 Attention is drawn to the fact, illustrated particularly by the work of Eugen 
Albrecht, that tumors resemble organs both as regard their structure and their 
behavior, and very likely their origin 

4 An analogy is offered between the tumors of the breast and those of the 
other parenchimatous organs of the reproductory system For many of these 
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tumors an ovanan dysfunction has been suggested as causative, for a few it is 
nearlj proved and has displaced an older inflammatory theory 

5 The evidence is given to show that certain hypertrophies and hyperplasias 
of the breast that he on the borderline between physiologic and neoplastic growth 
are pi'obably dependent on ovarian dysfunction 

6 A. few of the features of the biology of tumors of the breast in animals and 
their behavior under experimental conditions, are cited mainly in support of an 
internal causative factor 

7 The chief previous theories of origin of fibro-adenoma, "chronic mastitis” 
and carcinoma are discussed 

8 A clinical study of 271 cases of mairtmary tumors is offered as a preliminarv 
survey of the field of ovarian disturbance in relation to the genesis of tumors of 
the breast 


SPECIAL ASPECTS OF THE PHYSIOLOGY AND HISTOLOGY 
OF THE NORMAL BREAST 


THE ovary’s influence ON THE PHYSIOLOGY OF THE BREAST 


In the study of the causes of abnormal cell growth m the breast, 
It IS essential to consider first the stimuli that produce normal cell 
growth, or, to place the emphasis more correctly, the stimuli to which 
the cells of the breast are physiologicall}- adapted to respond 

The modern theories in regaid to the physiology of the breast were 
formulated by Josef Halban in a study published in 1905 In this work, 
based chiefly on an extraordinary an ay of clinical facts and observa- 
tions, he came to the conclusion that the ovary was the cause of breast 
growth except during pregnancy, when the placenta performed this 
function, but that secretion was a totally different process and was due 
to the loss of the growth stimulus and was actually the beginning ot 
involution 

Halban’s conception of the life history of the breast's activity is that 
of a long wave extending from birth through puberty and maturity to 
the menopause with secondary waves, superimposed on it, the latter 
being the cyclical periods of premenstrual activity and the irregularl) 
placed waves of pregnancy and lactation The ph 3 ^siology of these 
phases of bieast development shows clearly the conditions favoraie 


-Swell- 


to the proliferation of breast cells 

(A) Bieast Activity in the Pienatal and Neonatal Peiiods- 
mg and secretion of the breasts is observable in the majority of neu ' 
born children of both sexes (Lindig, Hoeland) For many years it 
been believed that the cause of this infantile breast secretion must 
nearh identical with that of the simultaneous maternal 

actiMt} (Knoepfelmacher) This view was amplified by Halban s stu 

of the breasts of premature stillborn infants which showed that 1 
was some proliferation mtra-utero as early as the eighth or n 
lunar month This fetal breast activitv Halban ascribed to the et 
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of “the piegiiancy substance” i caching the fetus thiough the placenta 
In spite of some dissent (Lindig), theie seems little leason to doubt 
that this postnatal secietion aftoids the eaihest example of a piohfeia- 
tive 1 espouse of the hi east to a hoimonic stimulation This vieu has 
lecened impoitant suppoit fiom a veiy lecent study of Philipp, demon- 
stiating a folhcuhn-hke substance in the blood and mine of newly 
born childien 

{B) Bieast Development at Pubeity — That the development of 
the bieast at puberty is dependent on the piesence of an active ovary 
has long been indicated fioni the failuie of the bi easts to develop in 
women with infantile oi absent ovaiies and m animals castiated befoie 
breast growth has occurred 

Positive evidence of the dependence of the bieast on the ovaiy foi 
its development has been given b}'’ tw6 types of experimental piocedure 
— organ transplantation and the use of organ extiacts The earlier woik 
with transplantation was peifoimed by Knauei, m 1900, and Halban, 
in 1903, both of whom found that the reimplantation of ovaries in 
castrated animals resulted m a new development of the mammar}'^ gland 
Later, Steinach and Athias weie able to produce breast growth even 
in male guinea-pigs by this method The production of hyperplasia 
of mammar}'' glands in castrated and later in immature animals in 
response to various extiacts of the ovaiy and placenta has been accom- 
plished by many workers, among whom may be mentioned Frank and 
Unger in 1911, Fellner in 1913, Herrmann in 1915, and moie recently 
Steinach and Laqueur with their co-woikers 

The determination of the special structure within the ovary from 
which arises the substance that produces the breast growth at pubert} 
IS of theoretical interest only in the piesent clinical study (Steinach, 
Lipschutz, Allen and Doisy) On the other hand, it is essential to 
note the apparent physiologic state of the sexual function under which 
'breast growth occurs The studies of Stratz and of Weissenberg have 
shown that there are slight indications of breast growth in the tenth 
year, and that by the fifteenth, when practically all girls have well devel- 
oped breasts, still one third have not menstruated It should therefore be 
clear that the fully developed follicle-corpus luteum apparatus is not 
essential either to the initiation of breast growth or to its considerable 
development and it is in fact an intermediary stage of ovarian activity, 
before menstruation has become established, that is most fa^olable to the 
proliferation of breast tissue 

(C) The Menstiual Activity of the Bieast — The participation of 
the breast to some extent in the changes of the menstiual cycle is 
indicated chmcall}’- fiom the consideration of the many vomen who 
complain of premenstrual sensations in then bi easts such as pain 
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tenderness and at times model ate enlargement Theie are even instances 
such as the case leported by Schweitzei, of a definite cyclical period of 
milk secretion at the time of the menstrual flow 

Studies m the field of animal experimentation indicate also that 
theie is a definite influence exerted on the breast by the coipiis luteiiin 
Bouin and Ancel were able to demonstrate this on the rabbit by observ- 
ing hypeitioph) of the breast m association with aitificial corpoia 
lutea pioduced b} mating a virgin female with a steiilized male Othei 
authois, including Frank and Ungei, O’Donoghue, Hammond and Mai- 
shall, and Loeb and Hesselbeig, made similai observations on mammaiy 
gland growth m relation to the formation of corpoia lutea It has, of 
couise, been repeatedly demonstiated that m several animals prolifera- 
tion of breast tissue follows the injection of corpus luteum extiacts 

To correlate these obseivations with the noimal condition in the 
human breast it is only necessary to point out that several studies 
(Frank and Goldbeigei, Hirsch) have demonstrated a use in the 
ovarian hoinione content of the blood from the time of ovulation at the 
middle of the intei menstrual peiiod to the onset of menstruation at 
which time a rapid disappearance takes place This peiiod of relatively 
high hormone concentiation in the circulation coi responds with the 
time of corpus luteum growth and the clinical signs of premenstinal 
breast activity Finally, histologic changes confirm the existence of a 
monthly cycle in the bieast 

(D) The Bieast Development Dunng Piegnancy — It has usually 
been considered necessary to divide the activity of the breast during 
pregnancy into two phases, that of proliferation and secietion or of 
preparation and function, and most authors have recognized that an 
essential difference must exist between the causes of these funda- 


mentally separate processes 

(1) Piohferation Phase Halban thought that the placenta was the 
cause of prohfeiation duimg pregnancy, and, except foi its neglect 
of the pait played bj^ the corpus luteum in the early months of preg- 


nane), his theoi) remains valid today 

(2) Secretion Phase Lactation is apparentl) the result ot the 
cessation ot a piecedmg stimulus to piohferation for it is known to 
occui aftei paituution after abortion and after delivery of an hydatidi 
torm mole and microscopic evidence of slight secretion is found after 
the onset of menstruation (Ernst, Moszkowicz) That the placenta 
activity IS antagonistic to the breast’s function was pro^ed b) Fran 
when he pie\ented lactation in mice by means of placental transplant 
Since secretion occurs onl) when the stimulus to proliferation ccas^ 
some authois ha\e legarded lactation as a kind of physiologic ce ti< 
degeneration oi beginning involution (Hildebrandt) 
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Not onty at the onset of lactation but thioughout its coiuse aie 
theie evidences of antagonism between bieast function and placental oi 
o^allan activit} This antagonism is illustrated most diamatically by 
the obseived disappeai aiice of the milk supply undei the influence of 
a new piegnancy but it has also been shown (St Engel) that in 
women vhose bi easts have been secieting msufflciently, meiisti nation 
(ovulation) i etui ns m the first few months post partum Cohn has 
obseived an inciease m milk secietion m a pueipeial woman on whom 
bilateial oophoiectomy was peifoimed foi osteomalacia Keller lefened 
to similai lesults following castiation in cattle Inveisely, Parkes 
and Belleiby, woiking on mice, believed that they could obtain a 
diminution m the milk supply by the imection of estius-pioducing 
hoimone 

The eftect of the o^al3 on the clinical couise of lactation must, 
therefoie, be great, and this must be boine in mind in intei preting 
vaiious points in the lactation histones in cases of cancer Postpaitum 
engoigenient of the bieast may be the result of excessne l^pei trophy 
and as such have no mflammatoiy significance A shoit nuising period 
due to defectne milk supply is dependent on a developmental anomaly 
01 on eaily letuin of ovulation and is not pi oof that theie has been 
chionic iiritation fiom stasis of secretion EA^en pueipeial mastitis 
or “caked breast’ may be in part due to some internal stimulation, for 
in such a case obseived at the Memorial Hospital Clinic lapid impiove- 
ment followed Avith the onset of the impending menstrual period 

(£) Bieast Activity at the Menopause — The cessation of ovarian 
activit}'^ IS accompanied in the bieast by a gradual atioph}'^ of the 
parench)mia and its replacement by fat and fibrous tissue Yet certain 
reservations must be noted 

The disappeai ance of ovulation as manifested by the menstrual 
periods is fiequently very irregulai Such irregularities Avhen due to 
special abnormalities of oiailation hai^e been related to endometrial 
hyperplasia and are perhaps equally related to hypeiplasias ot the 
breast 

Aftei the cessation of menstruation, it is piobable that slight 
ovarian actnnt}'’ continues for a time from the cells of the atretic 
follicles or i elated structures There is thus again foi a short time a 
condition of partial OAarian actnnty as there Avas at puberty Avhen 
breast groAVth is so marked 

Finally, in lare cases there ma}'^ be a late letuin of menstruation or 
at least a pathologic condition of the OA'^ary haAnng the ability to affect 
Lhe endometrium (Schifltmann, Meyei ) 

Siimuiaiy of Notes on Physiology — 1 The hoimone ot the OA^aiy 
or placenta is the agent to which the paienchyma of the bieast is nor- 
mall}'- adapted to lespond Avith proliferation 
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2 The eftect of the o^ai}^ is felt by the hi east fiom befoie pubeity 
until aftei the menopause, but it is especiall} dm mg the peiiods ot 
paitial actnity when theie is no menstiual cycle (piepuberty, preg- 
nane}) that the gieatest hypeitiophy occuis 

3 Bieast secretion is appaientl} a passive phase and ewdence onl\ 
of a piecedmg stimulation that has paitly oi completely disappeaied 

THE OVVRY’s ErrECT ON THE HISTOLOGY OF THE BREAST 

A Stud} of the histology of the noimal bieast, paiticulaily in its 
\aiious phases of activity leveals many stiuctuial forms that are 
found also in ceitam neoplastic diseases of the bieast and points to a 
semiph} siologic basis foi the lattei 

{A) Histology of the B leasts in the Nezu-Boin — The histologic 
similaiit} of this eaily physiologic hypeiplasia to that of the abnormal 
hyperplasias of later life has been particularly emphasized by Cheatle, 
and indeed many of the stiuctuies present m "chionic mastitis” have 
their counterparts in the infantile bieast Dietiich's lecent studies show 
that in newly born children the breasts contain hypertrophied glands 
with a two-layered epithelium surrounded by a loose connective tissue 
partiall} difteientiated from the suppoiting stroma Evidences ot 
secretion in the form of fat droplets are present m the lumina of the 
ducts and in the epithelial cells (Hoeland) Round cell infiltration 
is mentioned by many wiiteis (Berka), but since it parallels the secre- 
tory function it is usually regaided as a resoiptive mechanism Finally. 
It IS interesting to note that Dietrich obseived two cases of microscopic 
cyst formation which he regarded as the lesult of an incomplete involu- 
tion following this infantile lactation 

(S) The Histology of the Bieast in Relation to Pubeity ^The 
histologic changes at pubeity consist m a marked increase m parenchyma 
with the difteientiation about the epithelial elements of a specialized 
loose connectne tissue, variously known as periacmar or mantle tissue 
(Berka) An island of glands with its stroma is known sometimes as 
a lobule oi by many German authors as a “gland field ” Aside from 
this piimai} growth of epithelial and connective tissue, there are again 
at times signs of secretion in the bieast, and Cheatle noted a temporarv 
retui n of the lymphocytes 

The rapidity of this growth at puberty and the degree of deiclop 
ment attained shows marked induidual variations, and Dieckmann ws 
demonstrated that the microscopic structure of the breasts of women o 
the same age shows great difterences in the complexit} of the n 
and gland S} stems Such differences aie important for the} pro 
account m part foi the clmicalh obseriable variations m the respon ^ 
of the mainmar} glands of cliff eient women to the stimuli of the men 
sti ual cv cle and pregnanev 
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(C) The Histology E^cct of the Menshital Cycle on the Bteast — 
The first histologic studies on the i elation of the human breast to the 
sex cycle weie published by Rosenbuig in 1922 This work was based 
on the examinations of hi east tissue obtained at autopsy and coii elated 
with the phase of the sexual C 3 cle as deteimmed by the histoiy of the 
time of the pievious menstiuation, by the appaient age of the most 



Fig 1 — Premenstrual hypertrophy of the breast, typical gland field, magnifi- 
cation X 125 (After Rosenburg Frankfurt Ztschr f Path , Munich [J F 
Bergmann] 27 466 1922 ) 


recent coipus luteum and by the examination of the endometrium His 
conclusions indicated an actual sprouting of the milk ducts duiing the 
premenstruum and an almost complete regression in the interval so 
that at that time only milk ducts existed in the breast (figs 1 and 2) 
Rosenburg definitely ascribed the premenstrual proliferation to the 
corpus luteum 
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Rosenbvtig’s work leceived a certain degree of confiiniation fiom 
the studies of seveial waters (Polano, Ernst, Bei bench and Jaffe), 
but there has also been strong opposition Dieckmann was aide to 
find little eiidence of epithelial change and noted onE a pieinenstuial 
loosening up of the mantle tissue and a lobular edema, resulting in a 
moie striking demai cation of the gland fields Moszkowicz agieed 



Fig 2 — Breast ui the interval stage, magnification X 18 (After Rosenburg 
Frankfurt Ztschr f Path, Munich [J F Bergmann) 27 466, 1922) 


Mith Dieckmann m finding no direct evidence of epithelial growth 
stated as his opinion that some such growth might nevertheless occur an 
that the actual completion of bieast development after puberti m'S 
take place during this monthl}^ peiiod of stimulation from the corp 
luteum 

The existence of a functional as t\ell as a proliferatne 
actniti Mas emphasized b\ the studies of Ernst and Moszkowicz 
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foimer obseived that duiiiig the menstiuum and post menstiuum theie 
occmred an infiltration of lymphocytes and plasma cells into the peri- 
ductal and peiiacmai tissue that coi responded to the mfiltiation of cells 
into the tissues of puerperal women m whom there was stagnation of 
the hreast secretion He concluded, theiefore, that these cells had a 
resorptive function Moszkowicz confirmed this recurrent cyclical 
invasion of lound cells and stiessed also the occurrence of a definite 
although tiansitoiy fat secietion fiom the epithelial cells, a piocess 
which reached its height duimg the time of the uterine flow 

The important question of whether an actual proliferation of breast 
epithelium occuis each month must be considered undecided although 
the weight of recorded evidence seems now to be slightly against it 
Theie remains the possibilit)' that such extreme degrees of activity 
occur only in the special type of women who suffer from severe pre- 
menstiual breast symptoms Theie is some histologic evidence to sup- 
poit such a view for Sehening, in stud3nng the tissues lying adjacent 
to twelve localized tumors removed for the complaint of “painful 
nodule,” leported that although complete regiession m the interval was 
never observed as Rosenburg had claimed, theie was, on the othei 
hand, invariably evidence of epithelial sprouting during the pre- 
menstruum 

{D) The Histologic Changes m the Bieast Incidental to the Stimuli 
of Pi egnancy and Lactation — ^The development of the breast during 
pregnancy is described by Berka as consisting of two stages In the 
fiist half of pregnancy there is a rapid prohfeiation of the epithelium 
in solid budlike processes that later differentiate into acini Simul- 
taneously, there is an increase in the mantle tissue which at this period 
is very cellular and packed with lymphocytes and plasma cells In the 
latter half of pregnancy the epithelium takes the form of definite 
dilated alveoli The connective tissue is pushed aside and the cellular 
infiltration largely disappears (Berka) After parturition there is a 
great increase m the gross size of the gland, but it is doubtful if new 
acini are actuall}'- formed in the puerperium (Berka) 

At the end of the nursing period, three histologic processes become 
apparent (1) the collapse of the acini with shrinkage and then degen- 
eiation of the epithelium, (2) a new proliferation of the periductal 
tissue (McFarland) , (3) a new IjTOphoid invasion (Berka) The 
lattei process was especially studied by Gruber, who observed the round 
cells in all breasts m which theie was stasis, and construed their func- 
tion. as Ernst later did foi the lymphoid cells incidental to the men- 
strual phase in the breast as having to do with the lemoval of cell 
debus and secretion 
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An inteiterence in this normal piocess of involution was consideied 
b} ]\IcFailand to have much to do with the production of the condition 
knov n as chi onic cystic mastitis, since he considered the cystic structures 
m this disease to be what he termed “residual lactation acini ” It is not 
quite deal to me whether or not McFailand chose to bind himself to 
the theoi \ that all multiple cystic conditions in the breast were due to a 
pieMous piegnancy Such a contention is untenable It has aheady 
been pointed out that Dietrich found C3^stic dilatation in the breasts of 
intants Askanazy lefeiied to several instances of cystic breasts in 
diildren, in girls at puberty and even in males The many causes of 
mpeiplasia and even of bieast secietion make it seem more plausible to 
'-uggest that such cystic dilatations may be the “residual acini” of a 
pieMOUS hyperplasia of some t3^pe, whether pathologic oi physiologic, 
Out not necessanty of a fully developed lactation 

(E) The Histologic State of the Bieast in the Menopause — It 
appeals piobable that in only’ a few breasts is the normal course of 
giadual parenchynnatous atrophy followed continuously aftei the meno- 
pause Instead, several writers who have studied supposedly normal 
bi easts ha-ve reported a consideiable peicentage with signs of ii regular 
epithelial proliferation Those signs of growth commonly met with, 
accoiding to Berka, aie the multiplication of the cell layeis, a sub- 
division of lumina of glands by anastomosing cords of epithelial cells 
and the final filling up of the lumma of the ducts with solid masses 
Tietze repoited such changes in 25 per cent of grossly normal breasts 
and Goens found atypical growth in twenty'’ of sixty’’ breasts at autopsy 
on a senes of w'omen over 40 y'^ears of age Such changes as those 
noted by these authois in the breasts of the older women are, of couise, 
identical wnth some of the histologic changes in cases of so-called chronic 
mastitis The vital question to be asked is whether, after the meno- 
pause, one IS to discard the ty'pe of stimulus that throughout life has 
caused piohfeiation of bieast tissue and for these older breasts find an 
entirely new' agent 


Sitiiiniaiy of Azotes on Histology — 1 Epithelial proliferation occurs 
under phy siologic conditions in response to an ovarian or placen a 
stimulation 


J 

2 Connectne tissue changes are cooidinated with the glandular ai 
aie either dependent on an epithelial control or result from simi ai 
intrinsic causes 


3 Evidences of secretory’’ activity' appear invariably after the cess 
non of a proliferative stimulus 

4 Round cell infiltration, as a rule, accompanies secretion and 
to be regarded as a physiologic resorptne mechanism 
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5 Cystic dilatation may be the lesult of incomplete imoliition fiom 
se\eial tjpes of hypeiplasia 

SPECIAL CHARACTERISTICS AND RELATIONSHIPS OF 
PATHOLOGIC GROWTH PROCESSES IN THE 

BREAST 

THEORIES or EUGEN ALBRECHT ON THE ORG VNOID NATURE OF 

TUMORS 

Before passing to the discussion of the causes of jDathologic gron th 
processes, it is necessai}’^ in tiansition to emphasize the close relation 
between development of noimal tissue and neoplastic growth The 
theories of the natuie of tumois piopounded by one writer twenty oi 
more years ago give such an excellent basis foi this point of iiew 
that they deserve special attention 

Etigen Albrecht, in his papers on “Die Gumdpioblenie dei 
Geschwulstleliie,” stiessed organization as the essential cliai actei istic of 
tumors It IS this quaht}'^ wdiich demonstiates the relation of neoplasms 
to organs and distinguishes them from simple cellulai multiplication 
Benign and malignant tumois diftei only m the degree in wdiich they 
manifest this quality, for some organization, as for example, i^asculanza- 
tion, IS seen in the least differentiated iiew^ growths Furthermore, the 
chief characteristic of malignancy namely, the tendency to mfiltiatne 
growTh IS, as Ribbert had also pointed out, meiely the faithful repioduc- 
tion of the invasion by embryonic cells of the undifterentiated matrix in 
the course of formation of the earliest anlagen of organs 

Such an “organoid” conception of neoplasms, Albrecht belieied, 
makes the investigation of tumors a branch of the study of the mecha- 
nism of del elopment, and therefore, m searching foi the origin of new 
giowdhs, one may consult those laivs ivhich bung about the formation 
of noimal oigans in the couise of normal development As a result 
of tins point of view, Albrecht recommended the folloiviiig piocedure 
fiist, the analvsis of the architecture of the paiticular tumoi second 
the study of the relation of the giowth to the organ fiom which its 
oiiginating cells must have spiung, finally, by the compaiison of its 
function and stiucture ivith those of the noimal oigan to draw fiom 
the nature of the abnoimality conclusions on the causes which ma\ 
ha\ e led to it 

This was an ambitious progiam and can be follow^ed onh in pait 
It has been showm in the ph 3 Siologic section that all noimal deielop- 
inent of the breast w^as dependent on laiiations in the ovaiian function, 
and the attempt wall be made to indicate that new growths of the 
bieast, as “organoid’ stiuctures aie laigeh dependent on a similai 
stimulus 
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THE ARCHITECTURE OF TUMORS IN RELATION TO ETIOLOGY 

The conAcntional system of classification of tumors has been 
e^ohed chiefly with the view of defining types of clinical behavior 
Such a system is not entiiel}'- satisfactory for an etiologic study, for 
it tends to isolate special tumor foims and thus conceals the points 
of relationshiiD between diffeient neoplasms 

The following may be mentioned as among the more impoitant of 
the factors which cause variations in tumor architecture and which 
are of quite unequal importance so fai as an etiologic classification is 
conceined (1) localization or diffusion of the process, (2) functional 
state of the tumor cells, and (3) degree of differentiation of the tumor 
cells It must not, of course, be imagined that these factors are not 
interrelated 

The factor of degree of localization is lecognized m the separation 
of benign neoplastic processes into adenomas and hypeiplasias It is 
a justifiable division etiologically in so far that one must recognize 
a diffeience in the localization of the predisposition or of the action of 
the exciting agent Yet there is a fundamental similarity, ioi each form 
represents a new giowth of a tissue characteristic of the organ from 
which It arises and each exhibits similar potentialities loi continued 
giowth or evolution Furthermore, there are many transitional forms 
and the localized and diffuse processes may occur in association, as in 
the breast where microscopic adenomatous nodules may be found 
developing in areas of chronic mastitis (Bloodgood) 

Evidences of functional activity and associated signs of regression or 
degeneration account for many diffeiences in tumor form that bear 
little 01 no 1 elation to the ultimate cause of their origin That the 
ratio of connective to glandular tissue in the fibro-epithehal tumors ot 
the breast may be dependent on an entirely physiologic factor is sug- 
gested by several cases cited by Deaver and McFarland which led them 
to the conclusion that a "pure adenoma’ was merely a fibro-adeiioma 
in a state of lactation hypertrophy In Cheatle’s case of "pure adenoma 
there is no suggestion of a preceding pregnancy, but in the case of a 
growth so highly organic in structure as the fibro-adenoina there ma) 
be other physiologic stimuli capable of secondarily influencing hs 
structure . 

To a somewhat different categor}'^ belongs the development of cjsts, 
the presence of which often dominates the anatomic picture of a tumor 
but vhich appear frequently to be due to a disturbance in drainage 
absorption coupled with a continuation of the function of secretio 
and thus to haAC little actually to do with the neoplastic process 
The customar\ dnision of tumors into benign and malignant 
liecn de^ eloped from a stud} of morphology in relation to c m 
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results, and hence is based essentiall)^ on the criterion of prognosis 
Such a division has not necessarily any significance from an etiologic 
standpoint The recent histologic studies on the varying grades of 
mahgnanc) in cancer have deinonstiated that the adenoma mahgnum, of 
the endometrium, for example, is far moie similar structurally to an 
actne hyperplasia than it is to the diflEusely growing caicmomas of 
grade III with which it is somewhat arbitrarily associated since both 
are called “cancer ” Yet on account of the existence of this gradual 
tiansition in form, fiom the clearly benign to the definitely malignant, 
It appears unlikely that, at the point of cellular maturity w here clinical 
malignancy begins, a new biologic process has its inception or an entirely 
new provocative factor becomes operatire 

From the considerations of the foregoing paragiaphs it appears 
that all of the fibro-epithelial neoplasms of the breast may be looked 
on as repiesentatives of the same basic process, varying quantitatively 
from each other in respect to several special factors The study of the 
origin of special tumor forms becomes, therefore, not a search for the 
separate causes of several entities, but an examination of the factors 
causing a tendency of tissues to approach one or the other morphologic 
extreme With this reservation, it is useful, however, to recognize three 
type forms, the localized benign tumors, diffuse hyperplasias and 
carcinomas 

THn REL<tTIOK or BREAST NEOPLASMS TO THOSE OF ALLIED ORGANS 

The suggestion has been made that in the study of the origin of 
tumors of the breast special consideration must be gn en to the ovarian 
secietion, because it is to this agent that the breast is normally^ respon- 
sive The bieast, however, is only one of a group of organs the 
hy'pertrophies of which are under the control of the sexual function 
A survey of the theories of origin of the tumors arising m these other 
organs related to reproduction affords a \aluable check on the study^ 
of the breast, for it appears probable that an exciting agent of at least 
the same general type must be a factor in the production of neoplasms 
throughout the group 

The reasons for behering that, m respect to the tumor problem, one 
may regard the breast, the endometrium the ovary, the thyroid and 
the prostate as forming an ill defined group are as follows 

{A) There is a similarity of the phy^siologic causes of hypertrophy 
in these organs 

(1) Utcnis — It IS in the endometrium that the greatest similant} to the 
parendnim of the breast is noted, for this tissue shows activitj at the time of 
birth fHalban, Schroder), deielops at pubertr responds to the corpus luteum 
ot menstruation and of pregnancj, and normalh atrophies at the menopause 
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(2) Otaiy — As regards the ovary, the analogy immediately weakens for it 
IS onh with certain accessory and perhaps abnormal ovarian structures that com- 
parison with bieast tissue may be made, since the specific ovarian cells must be 
considered the primary seat of the stimuli affecting the system of secondarj tissues 
now under consideration The structure of the ovary that has been most defi- 
nitely proved to be largely controlled in its physiologic activity by the sexual 
cicle IS the heterotopic endometrial tissue, the so-called endometrial implant 
(Sampson) which is known to follow closely the endometrium in many of its 
reactions (Robinson) 

(3) Thvioid — The close relation of the th 3 TOid to the sexual function is 
shown bv the clinical and histologic evidence ot hypertrophy of the organ occur- 
ring simultaneously wuth similar activit}' m the breast and uterus Thus there 
IS enlargement of the thyroid at birth (Gloor), more marked, of course, in 
goitrous districts (von Gierke) There is increase m its size before the first 
menstrual period (Gundobm), which led Heidenreich to refer to a “struma ante- 
menstrualis ” There is almost certainly slight enlargement of the thyroid in 
mam women betore menstruation (Weidenmann), and in animals histologic changes 
have been reported in relation to the estrus cycle (Engelhorn) For many years, 
thvroid hvpertrophy during pregnancj has been w'ell recognized (Freund, Lange), 
and there is now a considerable literature on the subject in this country (Ward, 
Thompson, Yoakam) Certain histologic changes in pregnancy are also reported 
(Bell, Engelhorn) The effect of the menopause on the thvroid has been v'an- 
oush estimated some authors claim an increase in activity (Schonlem, Hei- 
denreich), others considering that the response to the menopause is variable in 
different women (Curschmann, Wiesel), a form of behavior having its counterpart 
m the irregular reaction of different breasts to the disappearance of the ovarian 
secretion 

It mav, ot course, be objected that the cause of hyperplasia of the thyroid is 
related to lack of iodine, but such a deficiency may be due either to a low intake 
or to an excessive requirement by the body, and it is on account ot a relative 
deficiencv of the latter type that hypertrophy occurs during certain periods ot 
sexual actnitv (Marine) 

(4) The Piostatc — The opportunities for cyclical fluctuations in the prostate 
are fewer than for the other organs, but there is development at pubertj an 
normalh atrophj m old age (Smimonds, Tenenbaum) 

(B) Theie are certain mutual similaiities of stiuctuie to be noteJ 
in the oigaiib unclei discussion 


The parencbima of the breast, the endometrium and the endometrial islaii s in 
the ovarv each consists of branched tubular or alveolar glands hung 
special t\pe ot loose cellular stroma, and each has the abihtv strikingh a” 
lapidh to change its morphologv under the influence of changes in the 
The prostatic glands are not dissimilar, and though having no specific 
stroma its glands are also found buried in a fibromuscular supporting tissue 
iiistologv ot the thvroid alone is essentialh' different, but at least m 
anatonn there is evidence of a relation to the genital organs for Gaskell las = 
nested that the thvroid is derived from the uterus of the palaeostracans, 
histone torms, trom which he traces the origin of the vertebrates 

\C) In each origan a similai series of tnmois are lecognized " 
possess a mutual suuilantv m constitution and stiucture 
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(1) Localised Benign Tiunoi— There are, of course, certain obiious differ- 
ences in the structure of the circumscribed tumors as the) appear in the different 
organs but these differences are readily laid to the variations in the structure of 
the tissue from which they arise and m each case the type of deviation from the 
normal is the same Two of the principal differences may be explained as 
folloivs 

(a) The character of the stroma and its quantitative relation to the amount 
of epithelium in the tumors is approximately the same as in the normal organs 
Thus in the thyroid there are adenomas, in the uterus adenom)omas and m the 
breast as a rule fibro-adenomas 

(b) The type of cyst which so often dominates the gross appearance of these 
tumors IS perhaps dependent on the mechanism of disposal of the secretory prod- 
ucts Thus, m the endometrium noth a simple duct s)stem, the cists are small, 
in the breast they may be larger, and in the ovary without ducts, the cysts may 
become immense 

(2) Diffuse Hypci plasias — The diffuse h 3 'perplasias exhibit a more confusing 
structure often combining wuth the essential proliferative process eiidences of 
involution and even of chronic inflammation Here, too, the fundamental simi- 
larity of the process as it appears in different organs becomes more eiident if due 
allowance is made for certain structural differences in the original tissues that 
must be carried over to the neoplasms and for secondary variations due to differ- 
ences in function and functional arrangement 

Within the group of related hyperplasias must be included the so-called 
“chronic cystic mastitis”, endonietnal h)perplasia, certain multicistic processes 
in the ovary and possibly endometriosis , colloid goiters with secondary hyperplasia 
and benign prostatic hypertroph) An essential similarity between individual 
members of this group has been noted bj many ivriters 

Bloodgood (1906) considered the possibihtj of “senile parench) matous hjper- 
trophv” of breast and of the prostate as of possibly the same origin as toxic 
thyroiditis 

Theile (1908) found a relation between chronic cvstic mastitis, prostatic 
h 3 'pertrophy, small cystic degeneration of the ovar) and goiter 

Cuttat (1912) considered prostatic h 3 'pertroph 3 ' a true fibro-epithelial degen- 
eration haiing Its analogy m certain fibro-epithehal tumors of breast and th 3 roid 
Niemeyer (1921) also pointed out the resemblance between prostatic hvpertrophy 
and the so-called mastitis chronica C 3 "stica 

Oertel (1926) has published a histologic stud) illustrating the smularit) of 
the involutional and proliferative changes occurring in the breast at the meno- 
pause and in the aging prostate He also pointed out that such changes were 
formerh regarded as inflammatory and hence the old names “chronic mastitis,” 
“prostatitis” and “chronic endometritis ” 

Puliermacher (1918), in the same breath, uses the terms “mastitis chmactenca” 
and “strumitis chmactenca ” 

A.schoff summed up this point of new bi wTiting that “mastopathia cistica” 
(chronic mastitis) is a displastic process similar to the adenomiosis of the 
uterus the adenomiosis of the prostrate the adenofibrosis of the thiroid, all of 
which processes particularli affect the concerned organs m the beginning of the 
miolutional period 

In diftuse hiperplasias as thei affect the organs m question there are four 
processes of which onh one is of cardinal importance 
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(a) The Formation of Multiple Cjsts There has been considerable written 
to favor the view that the small cysts are to be regarded as incompletely involuted 
remnants and often witnesses to an antecedent phase of activity McFarland's 
theorj that cjstic disease of the breast is the result of incomplete involution of 
lactation acini has been touched on Marine has shown that the colloid acinus in 
the thyroid is one that has been hyperplastic and has not been able to return to 
Its original form The multicystic ovary is regarded as a subnormal organ, the 
term often used being “cj stic degeneration ” Cystic changes in the endometrium 
are usually associated with hyperplasia and occur just before the menopause The 
ectasia of the alveoli which Billroth regarded as the chief epithelial change in 
prostatic hypertrophy tends to occur m the male involutional period 

(b) Round Cell Infiltrations The presence of round cells have in the past been 
taken as strong evidences of an inflammatory origin of the various processes in 
question, but there is probably much better reason to regard them as mere 
secondary phenomena, as part of the semiphysiologic mechanism of resorption of 
secretion in breast and prostate, as a result of necrosis of excessively hyperplastic 
tissue as in the endometrium (Schroder) or possibly simply as an accompaniment 
of rapid tissue pioliferation 

(c) Increase in Connective Tissue The increase in connective tissue is 
probably m part due to the age replacement of parenchymatous by fibrous tissue, 
but in other instances it must be regarded as an integral part of the hyperplasia 
and developing in a certain organic relation with the epithelium as is the case 
in the circumscribed tumors 


(d) Epithelial Hyperplasia Epithelial hyperplasia remains the essential fea- 
ture of these conditions, is responsible for their other morphologic features, for 
their clinical importance and is the process for which the cause must be examined 
(3) Cm emoma — Certain pathologic features of the carcinomas of these 
organs point to a further biologic similarity within the group 
(fl) There is a close anatomic relation to the benign forms 
(I) The histologic structure of the benign forms passes almost imperceptibly 
into the malignant 


(2) Areas of malignant growth are frequently found arising from or asso 
ciated with benign tumors or hyperplasias Such associations of cancel witi 
benign forms have been reported as follows with chronic mastitis, Tietze, Oerte , 
Goens I\IacCarty, etc , with fibro-adenoma, Speese, with endometrial hyperplasia, 
Meyer, Schroder Fluhmann and Stephenson, with adenomyoma uteri, Cullen > 
with papillary cystadenoma of the ovary, Taylor, adenoma of the tlnroi , 
Graham, Crane, prostatic hypertrophy, Tietze, Oertel, Neller and Neuburger 

(b) Many^ of the carcinomas of these five organs are intraductal or intracystic 
papillary' tumors in their early' stages, and what is especially characteristic is t ia 
their origin is frequently multicentric For cancer of the breast, a 

origin has been affirmed by' Askanazy, Tietze, Pribram and Lukowsky or 
bilateral papillar\ cvstadenocarcinomas of the ovary, multiple points of 
ment appear almost obvious For the endometrium, Lahm wrote that he 
a more or less diffuse origin as characteristic due to the fact that this 
as a unit e\en m response to the stimuli producing malignant changes i 
cancer foci ha\ c been described in the thy roid by Langhans and note 
prostate b^ Ewing 

(c) A final small but interesting similarity is seen m the special 
metastasize in the lungs and bones manifested b% cancers of the breast, ti'C 
prostate 
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THE SUPPOSED CAUSES OF ORIGIN OF THESE TCTMORS OF 

ALLIED ORGANS 

An attempt has been made to show that the tumois of the hi east aie 
closely related to a laige gioup of neoplasms that develop m the 
glandulai oigans related to the repioductmy function It will now be 
pointed out that the history of the views on the oiigm of many of 
these neoplasms has shown a giadual shift away from inflammatoiy 
conceptions toward theories based on mteinal causes, and in some 
instances specifically on abnormalities of the ovaiian function 

(A) U tents — (1) Endometiial H)^peiplasia The endometiiuni 
presents, of course, the most perfect physiologic paiallel with the 
parenchyma of the breast As is still the case in the breast, the hypei - 
plastic disease of the endometiuim was disguised for many years as 
an inflammation under the title of “chionic endometritis” (Ruge, Scan- 
zoni, Olshausen), and except for an isolated work of Biennecke in 
1882, lemained as such until Schiodei and later Mayer i elated patho- 
logic hyperplasia to anomalies in ovulation As with chronic mastitis, 
hypei plasia of the endometnum may occur at any time duimg the 
sexually mature period of life but is most common shortly befoie the 
menopause (Schroder, Babes, Novak and Martzlofif) and is rare aftei 
the climax A peculiar t)^pe of endometrial hypei plasia is that develop- 
ing late in life m association with ovarian tumois (Isbiuch, Neumann, 
Meyer) In one such case Schioder obseived caicinoma in the 
endometrium 

(2) Adenomyosis Interna The diffuse penetration of the innei 
musculai layers by endometrial glands was also at first regaided as 
an inflammation on account of the teaching of Robert Meyer who used 
the term “adenomyositis ” Frankl later showed there was no real evi- 
dence of inflammation and used the noncommittal term “adenomyosis ” 
Moie recently, Meyer has changed his view and now believes that 
adenomyosis interna is the lesult of a hyperregeneration of the basal 
layei of the mucosa due to the too frequent demands made on the 
endometnum b}'- menstruation in the latter part of sex life Adlei and 
Lahm have expressed somewhat similar views 

(3) Localized Uterine Tumors The adenomyoma, the tumoi most 
comparable with the fibro-adenoma of the breast, has been studied chiefly 
with regard to the ultimate origin of its cells and with little considei- 
ation for the causes of its deAelopment as a tumor As the tipe of 
localized uteiine tumor, it appeals better to discuss briefly the fibio- 
iinoma, particularly since the frequent finding of glandular islands in 
the midst of apparentl} pureh muscular tumors (MacCarty and Black- 
niann) makes it appear that a close relation must exist between these 
new growths and the adenonnoinas (Freund, Orloft) 
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That the /Ovaiy, paiticulaily an abnoimally functioning ovaiy, is 
partly lesp^sible foi the giowth of uterine fibioids was suggested by 
Seitz, in 1911 Pait of the evidence that has at vaiious tunes been 
cited in suppoit of such a theoiy is as follows the presence of a high 
peicentage of ovaiies with pathologic changes in association with 
in}omas (Seitz) , the high incidence of niyomas just befoie the meno- 
pause, the special piedisposition of women with dysmenorihea or 
steiihty to develop fibioids (Mayei), the special occurience of this 
form of tumoi in malformed or hypoplastic genitalia (Fieund) , the 
alleged hereditary factor (Aschnei, lit ) , the supposed existence of a 
special constitutional type (Freund, Aschner) , the diminution m the 
size of in) omas after the menopause or castration 

(4) Caicmoma of the Endometiium In spite of the similaiity of 
structure between endometrial hypeiplasia and adenoma inaligniim, 
there has been consideiable hesitancy in claiming an endocrine dysfunc- 
tion as a factor in the production of coipus caicmoma One author 
(Lahm) at least wiote that he found the oiigin of coipus caicmoma in 
the enormous capacity of the uteime mucosa for tiansfonnation on the 
one hand, and on the conditioning of this transformation by the ovaiian 
hoimone on the other This view leceives a little suppoit fiom the 
fiequent histoiy of sterility and the common association of fibioids iii 
cases of corpus carcinoma 

(5) TJie Oval y — In his original papei on extia-uteime endometiial 
giowth, Lauche legarded the seiosal endothelium as the paient tissue 
and ascribed its metaplasia to the ovaiian function, chiefly because the 
disease occurred exclusively in the yeais of sexual matuiity This age 
incidence can also be accounted for by Sampson’s theory of transtubal 
implantation, but it appeals that even with this conception an o\ariaii 
secietion is in a sense necessaiy, for it is known that an endometi losis 
tends to regress after castration 

If the heterotopic endometiium is actually the result of a metaplasia 
of the seious epithelium (Meyer, Robinson) and not an implant, it 
becomes the simplest member of a senes of neoplasms derned from 
the germinal epithelium and falls into a similar genetic group iviti 
vaiious cystic tumors of the ovaiy That many serous papiUar) 
c} stadenomas and cystadenocai cmomas ai e associated with signs 
o^ arian d} sfunction has been pointed out m a previous paper 

(C) Tliyi Old — The endemic occuiience of goiter is 
reconciled uith the facts of enlaigement of the thyroid due to glan u< 
d^ sfunction bv Aschoft’s conception that the thyroid m goiter 
is so sensitized that it responds excessively and permanently to the n 
mal ph\siologic stimuli 
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That hypertrophy of the thyioid and certain nodulai goiteis may 
be associated with an ovaiian disturbance is indicated by the following 
points 

(1) The predilection of th 3 TOid disease for ^\omen 

(2) The tendency of goiters to develop at periods of irregular o^arlan stimu- 
lation, at birth, at puberty, during pregnancy and at the menopause 

(3) The association with toxic goiters of menstrual irregularities or amenor- 
rhea under which circumstances it has been suggested b} some of the older 
writers (Pinard, Trousseau) that it is the oiarian disturbance which is the 
primary 

(4) Thyroid hj'pertrophy may be associated wuth definite peh ic disease, a point 
especially emphasized in this countrc m the writings of Hertzler Such associated 
genital conditions have been m 3 omas (Thompson, Freund, etc), tuberculous 
peritonitis (Goodall and Conn) , excessive sexual indulgence (Goodall and Conn, 
Freund) 

(£)) The P)ostate — The theoiics in legaid to benign prostatic 
h 3 pertiophy have followed a course similar to that of chiomc mastitis 
Many authors hat^e been satisfied to debate the nature of the process, 
and it has accoidingly been variousl}'’ teimed a neoplasm (Virchow, 
Gardner and Simpson), a compensatoiy hypeitiophy (Simmonds), a 
fibro-epithehal degeneiation (Cuttat) As legaids the actual cause of 
benign piostatic hypertrophy, Ciechanonski foimerly strongly advocated 
an inflammatory theor}", maintaining that the disease lesulted from a 
chronic gonorrheal infection which, by pioducing a scar tissue that con- 
stricted the ducts, teiinmated finally in glandulai dilatation and stasis of 
secretions An entuely different theory is that of Simmonds who 
expiessed the belief that a presenile atrophy of the piostate lesults in a 
lack of prostatic secretion, which is followed by a compensator 3 h}per- 
tioph}^ of the periurethial glands, the prohfeiation of which into the 
old piostate results in the enlargement Variations of this theory liaA'^e 
been expressed by MacEwan, Moulhn, Niemeyer and others 

There are tiio other aspects of the biolog} of the tumois under con- 
sideiation which give additional evidence foi an internal causative factor 
1 There is a tendenc}'- for the benign neoplasms to i egress some- 
3vhat aftei the sex gland has been lemoved In the uterus one sees 
this piocess in the successful tieatment of myomas, endometrial hyper- 
plasia and possibly very eaily endometrial carcinoma In irradiation, 
a pioceduie that probabh has its effect b} 3vay of the oiai} Peritoneal 
eiidometiiosis and the multiple peritoneal implants from papillari 
c\stadenoma of the ovaiy ma} disappear after double oophoiectom} 
Diminution m the size of an In pertrophied prostate has been reported 
altei castiation and at one time was eien suggested as a therapeutic 
measure (IMacEw^an, White IMoullm Simmonds) The effects of 
castration on cancer of the bieast are to be discussed m detail The 
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eftects ot tabtration on goiteis is appaiently variable and seems not 
ah\a}s to be beneficial 

2 EMilences of an hereditai}'^ influence ha've been found foi many 
of the benign In pertrophies and tumors of all of these oigans and such 
a factor has been suggested foi the malignant ones For the uterus 
one finds man\ repoits of the occuiience of myomas in families (Mayei, 
Aschnei, lit ) Foi the thyioid, the subject of heieditaiy backgiounds 
IS well discussed b} Brain, Siemens, Valleiy-Radot and others The 
latter considers the hereditary factor to be m the nature of a constitu- 
tional glandulai predisposition For the ovary dermoids alone appeal 
to occur in families For the prostate, Simmonds stated his lielief in 
an hereditai} piedisposition to benign hypeitroph} 

One gains the impression that vague as an}" CMdence foi the 
inheiitance of tumors may be, it is lather greatei foi the new giowths 
of these glandulai oigans associated w"ith leproduction than foi neo- 
plasms elsewhere and, should this be the case, it w"ould appeal that the 
heieditar} factoi is linked with a special constitution of the glands 
connected with the repioductory apparatus 

Snmineny — 1 Tumors of the bieast are allied to the neoplasms of 
seveial other glandular organs connected w"ith leproduction 

2 The noimal causes of the pioliferation of the tissues oi these 
organs aie similai, and a compaiable senes of neoplasms is pioduced 
m each 

3 On account of these similaiities, it is unlikely that the neoplasms 
ot one of the oigans of the gioup should be pioduced by a totalh 
difiteient t}pe ot stimulus from that believed to be operative in the other 
01 gans 

4 There is a growling tendenc} to asciibe the cause of many of the 
new" giow"ths of these organs allied to the bieast to the anomalies ot the 
sexual function 

THE CALSE OF CERTAIN SEMINEOPLASTIC GR0W"TH PROCESSES 

IN THE BREAST 

The o\arian function can be brought a step neaier to the problei^’ 
of tumoi giow'th in the breast by a consideration of the causes ot cer 
tain abnoimal processes that he on the borderline lietween the ph\siolog*c 
and the truh neoplastic 

(A) PiibiHas Piaecox — ^That bieast giowth ma} occui at ai 
abnormal peiiod of life under the influence ot ovarian disease is shown 
b} the cases ot precocious bieast development in association w'lth tic- 
growth ot ovarian tumors (Termeer) The relation between ovarn 
tumor and lireast giowth is apparentlv a dnect one toi the nianiniP*' 
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jKjssihlc ul.ition oi tlu SI svinptoins to in aclntl pununstiual "laiuhilai 
piohft i.itiun h IS him disuissul \n associition ol this (.oiuhtion to 
pthic disc ise his him notid h\ Miliu who lound a p dpahk u;mico- 
lot,nc lesion in ^0 pci cent of his pitimts with piintnl hieast nodules 
Tcmcs\ar\ cited two ciscs of tlu okk i 1 iu,dish authois (Petex Cop- 
land), who mam }eais atjo had coniicctcd mastodmi.i with utenne and 
o\arian disoulcis It is hkcwisi not an uncommon ohsci \<itiun at the 
Rooscnclt llosjutal nccoloj^ic chine that nuun patients with a suh- 
sidmg pelvic mfiammation jiass lhioiu,di a staeje m which thc\ suflci 
fiom menstiual n icAUilai itics and hieast smiptonis Foi ceitain ot 
these painful hieast conditions coipus lutcuin has heeu iccommcnded 
(Lisser), but a few' ]uticnts so tioated at the Memonal Idospital hacc 
shown only a questionable impiovcment 

(D) Lactation in the Nonpuafyaal /ku/st — Lactation m the non- 
pueipeial bieast is i elated to the picsent suhjecl fiom two angles 

1 Secietion fiom the nipple is often caielessh iej>auled as sufiicient 
evidence to make a diaj^nosis of chionic mastitis and hence the cause 
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ut this secietion is also the cause of a ceitam numbei of cases clinically 
labeled unth that diagnosis 

2 The cause of the Msible secietion fiom the nipple is piobably 
ihe same as the secietion that is detectable on section in the ducts oi 
man} diseased breasts, and which is the stagnating medium on which 
in older uomcn the “stasis” theoiy must depend 

Alilk has been found in the bi easts of nonpueiperal women duiing 
ceitam phases ot the sexual cycle and in association with many toiins 
ot pehic disease The following conditions ma} be noted (1) in 
relation to the menstiual cycle (Schweitzer, Gautiei, Ciamei), (2) 
following iemo\al of the ovaiies (Allsbeig, Giunbaum) . (3) in the 
menopause (Ebelei, Litteii) , (4) with amenoiihea from injuries 
(Cohn, Vogt) , (5) with ovarian disease (a) inflammation (Hallauer, 
Ebelei, Ballin), {b) tumors (Saenger, Polano Schmmcke) , (6) with 
fibiom}omas (Freund, Heischan, Ballin, Ebelei) 

In geneial, it appears that m the nonpueipeial breast, secretion 
occuis in the piesence of a diminishing function of the ovaiy as it does 
under all physiologic conditions 

(£) Gynecomastia — Deavei and McFailand lepoited fiom then 
caieful study of gynecomastia that the disease occms paiticularly in 
association wuth mipeifect development of the sexual oigans, pseudo- 
hermaphroditism, with atrophy or removal of the testicle Other 
reports have mentioned hypei nephroma (Busch), prostatectoni} 
(j\Iann), tumor of the testicle (Heizenbeig, Monaschkin) A case seen 
at Memoiial Hospital developed in a young white man about fifteen 
months after marriage in association with a typical exophthalmic goiter 
There seems little doubt, therefore, that many cases of abnoimal giowth 
piocesses in the male breast are also related to disoiders of the sexual 
function 

EXPERIMENTAL EVIDENCE ON THE NATURE OE THE CAUSE OF 
TUMORS OF THE BREAST 

The extensive stud} of the etiology of the mammai} tumois of some 
ot the lowei animals has yielded many impoitant facts wdneh cannot 
be disiegarded in detei mining the couise that the leseaich in tumors oi 
the bieast m man should take 

(A) The Inhei itance of Cancel of the Bi east in J^licc That strains 
of mice ma} be bred in which piactically all of the females will de^eop 
cancer of the breast if the^ survive to a certain age has been repcatc< } 
demonstiated b} a multitude of experiments, although the exact mecia 
nism of the inheritance may still be in dispute (Little, She) 

(B) Piotcctwn fiom Cancel by Oophoi ecfoniy — A series ot 
ments initiated in 1916 b} Lathrop and Loeb hare shown that m 
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tumoi-beaiing stiain of mice the lale of tumoi incidence may be lowcied 
and the aveiage age of onset laised b} the pie\ention of bieedmg and 
by castiation Loeb, m 1919, amplified these expeiiments, finding that 
theie was a moie oi less definite lelationship between the numbei ot 
estius c\cles that the mouse was alloived to pass thiough befoie 
oophoiectonw and hei chances of developing cancel Con, m 1927, 
confiimed these lesults and noted that tumoi s weie entirely pre\ented 
b} castiation iindei t\\ent\-two days and the noimal late of incidence 
was unafiected when opeiation w'as dela}ed until the animals were 
6 months old Aluna} m 1928, using male mice of a stock m wdiich the 
females showed a high tumoi incidence but m which the males weie 
nevei affected w'as able to pioduce cancel of the lireast in 15 of 210 ani- 
mals that had been dcpiived of then testes at the age of from 4 to 
6 wrecks and supplied wath an ovary by tiansplantation from a sistei 
Loeb belieied that the piotective effects of gonadectomy w’^ere due to 
the lemmal of the coipus luteum wdiich is lesponsible for the pei iodic 
stimulation of the bieast tissue to giowth 

(C) The Development of Multiple Tumoi s of the Bi east in Dogs — 
In support of Albrecht’s conception of the organoid nature of tumor 
growdh Jaegei, m 1910, published a report on three cases of multiple 
mixed tumoi s of the mammae in dogs In each case the tumoi s had 
appeared m immediate connection wath “menstruation” and tw^o of the 
animals, although recently mated, had failed to concene Jaeger con- 
sidered these coincidences so unusual as to point to the conclusion that 
the origin of the tumors must be leferred to a disturbed activity of the 
leproductoiy organs 

(D) Studies in Relation to the Functional Activity of the Bieast in 
Mice — Staitmg wath a strain of mice carefully inlired, with a w^ell 
known low’^ rate of tumoi incidence, Bagg has mci eased the incidence 
by subjecting the breasts to various abnoimalities of lactation, such as 
rapid repetition of piegnancies wathout suckling Such results could 
apparentl) wath equal justification be ascribed to the effects of the too 
lapid lepetition of pregnanci^ hypeiplasia or to the irritation arising 
fiom the congestion and stasis lesulting from the failure to nurse 

Bagg was also able to induce the development of cancer m the 
bi easts of a ceitain numbei of lactatmg mice by ligation of the nipple 
This appearance of cancer following obstruction to the flow of milk 
IS certainly in fa\oi of a “stasis theory,” but the implications from 
the experiment can hai'e only a limited applicability to the problem of 
tumoi s of the human breast so few' of wdiich oiigmate in immediate 
connection ivith lactation 

(E) The Piodnction of Tai Cancels m Rabbit Bieash — Cheatle 
has made a point of the similarity betw'een the leactions of the skin to 
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the applicaiiun ot tai and the senes of epithelial hyperplasias which he 
hcib dc'^ciilKd as occuiring in the breast He cited this as support foi 
his Ivlitf that these breast conditions are also the lesult of a local 
111 Kant In new of this argument, it is inteiesting to note that the 
mjection ot vanous tai prepaiations into rabbit breasts by Yamagiwa 
and IMuraraina lesulted only in the pioduction of a certain number of 
cases of “cancioid and adenocancioid ’’ The authors themselves write 
"We found that the secreting glandular epitheha do not lespond to the 
iriitation of tar but soon perish For this reason we were unable to 
produce true glandular carcinoma ” 

It may be a fact of \eiy great significance that tumois in mice with 
their stiong hereditary influence and their characteristic of being affected 
m their incidence by oophorectomy are glandular cancers as in women, 
uheieas attempts to produce cancel in breasts of rabbits by a local 
iiiitant lesult onl} in epitheliomas' 

(F) The Effect of Cashafion on Cmcmoma of the Bicast in 
Women — Near the beginning of the present century, oophorectomy for 
inoperable cancel of the hi east attained a short vogue The lationale of 
this tieatment was logically arrived at by Di G T Beatson, who had 
observed a certain lesemblance between the mammaiy changes in preg- 
nane} and those of eaily cancel and hoped accordingly that castiation 
might pioduce a fatty degeneration in the cancer cells Beatson's first 
tew cases in which this method of treatment was used weie reported in 
1896 and gave evidence of at least a temporary beneficial effect from 
the opeiation 

Followung Beatson’s original article, the operation was lepeatedl} 
attempted and about a hundred cases ivere reported m England by 
Heimann, Boyd, Thompson and Lett, a few cases in Geimany b} 
Cahen and a few in America by Robert Abbe The reports of many 
of the writers mentioned emphasized that oophorectomy produced the 
best results -when performed on women developing cancer before the 
menopause and also that the greatest diminutions in size following 
the ti eatinent tvei e to be expected in the i elatively slow growing tumors 
producing local recurrence without metastasis Since such behawor 
IS that of the more differentiated histologic forms of cancer of tie 
hi east the response described is quite analogous to the i egression o 
the semimalignant implants on the peritoneum following bilatera 
oophorectom) for papillary cystadenoma of the ovary 

PREMOUS MEWS ON THE ORIGIN OF TUMORS OF THE BREAST 

The general classification of the epithelial neoplasms of the brea 
into the fibro-adenoma "chronic mastitis” and cnemoma offers 
t\ pes of neoplastic processes for study A w ord must be said a loi 
the preMOus ideas on the nature and origin of these special forms 
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(A) LocaJiacd Benign Tuinon —Most authois agiee that all the 
benign, solid eneapsulated tuniois of epithelial and connectne tissue, in 
whatevei piopoition, belong geneticall) to a single gioup Certain 
wiiteis (Cheatle, Chailatow) appeal to sepaiate the so-called “ptiie 
adenoma” slightli Wilms legaided all these giowths as mixed tumois 
m the stiict sense, namel} , that the}" aie deiived fiom anlagen segiegated 
fiom both geimmal laieis Ribbeit also classed these tumois as fibro- 
epithehal but not actually “mixed,” foi he implied onl\ that epithelium 
and connective tissue weie gi owing in mutual intei dependence Albrecht 
classed the fibio-adenoma as a ‘ hemartome,” a foim due to a defective 
mixtuie of the constituent tissues but closely allied to the noimal oigan 
Anothei point of view was taken by Beneke who was gieatly influ- 
enced by the then populai doctiines of Roux on the dominating lole 
played by the epithelium in the deteimination of tissue toim (see also 
the recent discussion by Fischel) Aftei stud 3 ing the paiallelism 
between fetal bieast deAelopment and the foimation of benign tumois, 
Beneke concluded that the epithelium was the piiman and guiding 
tactoi m both instances, and foi him all fibio-epithehal tumors were 
essentially adenomas Other authois prefei to place the emphasis on 
the connective tissue component In a lecent aiticle on benign tumors 
of the bieast, McFailand lecommended the teim suggested by Wairen, 
namely, periductal fibioma, foi the common type ot localized benign 
tuinoi Cheatle, though not permitting himself much theoiizmg, appears 
tiom his minute desciiptions of the histologic effects ot hypeiplasia 
“mtra-elastica,” “extra-elastica” and “elastica” to place a high degree of 
importance on the connective tissue changes 

In the considei ation of the localized tumois, it appeals obMous that 
one must consider two piocesses (1) the cause of the segiegation of 
the special group of cells which give use to the tumoi and (2) the 
leason foi the development of these germs Whethei the geims of the 
mammary tumois become differentiated fiom the lest of the tissue 
duiing fetal life oi later, must remain a theoietical considei ation Since 
the puberty period of the breast corresponds with the fetal stage of 
many of the body oigans, it would not be inconsistent with the theory 
of embiyonal segiegation of tumor geims to suggest that possibly the 
differentiation of certain giowth foci takes place at that time The 
cause of the further growth of fibro-adenomas is ceitainly in part con- 
nected with the sexual function, foi such tumors make then appearance 
as a lule soon after puberty and are extremely unusual m childhood, 
alter the menopause or in the male breast Moie direct e\idence foi 
a special oiaiian dysfunction as productive of fibro-adenomas is cited 
under the discussion of the endociine oiigm of “chionic mastitis” since 
most authors ha\e discussed the two conditions togethei 
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(B) Disuse Hyperplasia — “Cluonic Mastitis ’ — The cause and 
nature of this disease have been a popular subject for scientific 
debate foi at least thirty yeais The eaily studies of Cooper, Brodie, 
Velpeau and Reclus were chiefly independent and excited little antago- 
nism, but, in 1892, Schimmelbusch published a work calling the disease 
a “cystadenoma,” and in the following year Koenig proposed the title 
“mastitis chionica cystica” Thus the lines weie diawn between two 
distinct theoiies, inflammatory and neoplastic In the next few jeais, 
both views received support and attempts at modification from mam 
writeis For the mflammator} theoiy may be mentioned Roloft, 
Lichtenhahn, Mal}'^ and Delbet, for the neoplastic, von Saar, Biissaud 
Cornil and Keibel Certain authors such as Sasse and Curtis and Wood 
found evidence of both processes being active 

As it giadually became obvious that the disease could not be cate- 
gorically classified, new attempts were made to define mici oscopically 
the nature of the changes As a result, some authors have empha- 
sized particularly the epithelial proliferation, among which have been 
Berka,, Tietze, and more leceiitly, Cheatle Other writers have con- 
sidered as pi unary the connective tissue changes, this being the view 
supported by Gieenough and Haitwell, Dietrich, Todyo, Berthels, Lexer 
and Lukowsky With the former, the disease became an epithelial 
hyperplasia closely approaching true tumoi growth, with the lattei a 
fibromatosis often connected with the general presenile changes 

The chief views on the etiology of chronic mastitis that appear still 
to have a claim to consideration are as follows 


(1) Theory of Malformation This theory lests chiefly on the 
studies of Krompechei who came to the conclusion that the cysts of 
acidophilic cells m the breast were similai to the sweat gland cysts of 
the axilla, and as he regarded such cysts as the most chaiacteristic 
featuie of “chionic mastitis ” he decided that this disease represented an 
atavistic malformation in the diiection of sweat gland form Kroin- 
pechei ’s theoi y has received very little confirmation by other writers 
and has been contradicted by Askanazy, Lukowsky and otheis 

(2) Theory of the Stasis of Breast Secretion This theory is the 
modern ^erslon of the older inflammatory view of origin of chronic 
mastitis The theory'’ takes two forms, dependent on the theore ica 
source of the stagnating substance 


{a) Stasis of the secretions of lactating breast due to faulty niirsii»^ 
Adair and Bagg hai e emphasized this as a factor in the cause of can 
in their study of the nursing histones of 200 women ivith carcinoma a 
hare also demonstrated the effect of stasis by the already cited 
ment of the ligation of the nipple m mice Keynes belieied tia 
eailier incidence of chronic mastitis m single vomen was due o 
lack of proper drainage usualh afforded b\ a pregnanci 
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(&) The stasis of the secietion of the nonlactating hi east Keynes 
based his case on the fact that theie was always some secretion in the 
milk ducts and on his demonstiation of the complete ohstuiction to the 
outflow of this mateiial thiough the piesence of a plug of desquamated 
epithelium that undei oidmaiy ciicumstances completely closes the 
oiifices in the nipple Accoiding to Keynes, the cause of the epithelial 
changes in “chionic mastitis” lies in the chemical nutation of the 
stagnated secietion To piove that such material may incite piohfer- 
ation, he cited A H Diew, who had shown that cellular giowth was 
stimulated by the pioducts of autolysis Keynes believed that there was 
no relation between this hi east disease and involutional changes, but 
two of his piedecessois in the stasis theoiy, Berthels and Lukowsky, 
placed the piimaiy change in the connective tissue, which by its constric- 
tion of the ducts prevented piopei drainage 

The stasis theoiy depends much on the histologic evidence supplied 
b}'’ the presence of the round cell infiltrations to show that a chionic 
irritation exists The semiphysiologic significance of these round cells 
has been previously touched on 

(3) Involution Theoiy Involution cysts weie mentioned by Bill- 
loth, in 1880, but the idea that the whole process was connected with 
involution has been slow to develop and has taken many different forms 
In 1905, Warien designated the condition usually called chionic mastitis 
“abnormal involution,” but the name did not become populai Paul 
Thiele considered the disease a somewhat different process which he 
teimed “fibro-epithehal degeneration ” Aschoff called it a dysplastic 
condition Lukowsky and Berthels, Lexer and Dietrich considered 
that the primary fibrosis of the breast may have an involutional signifi- 
cance The idea of an abnormal involution following lactation is also 
suggested by McFarland in his treatise on residual lactation acini 

The most specific of the views of this group was advanced by Blood- 
good, who called the disease “senile parenchymatous hypertrophy,” 
thereby emphasizing that the essential process or at least that with the 
greatest potentiality was the increased activity of the glandular elements 
It IS the histologic conception which most closely coincides with the 
studies of the piesent paper Bloodgood even suggested that the intoxi- 
cant productive of subjective symptoms in the menopause might be 
operative in producing the structural changes in the breast 

It IS obvious from this discussion that an involutional element in the 
pioduction of “chronic mastitis” is not incompatible with the truth of 
either the stasis or hormonal theorj'^ 

(4) Endocrine Theoiy That Bloodgood believed that the meno- 
pausal intoxication might have an effect on the breast has aheady been 
noted In 1919, Pribram, m a purely theoretical article, suggested that 
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diinng the in\olutional piocess, aftei many cells had become senile, a 
few remaining jouthful ones still capable of response Mould piolifeiate 
ummpaued undei ovarian excitation Baitlett and Miller hare in this 
countir made ceitam clinical obsei rations on the occurrence of benign 
h} pertrophits ot the bieast in association with pelvic pathologic 
processes Dietiich and Kueckens also have wiitten in favor of the view 
that abiioimal piohfeiation of the bieast tissue is related to iiieguiar 
ovarian actiMtr , particularly during the involutional period 

The chiet pioponent of the ovarian theory of origin of abnormal 
h} pertrophies ot the breast has, however, been Moszkowicz, whose 
studies and those of his predecessors on the histology of the menstrual 
c}cle in the bieast have already been discussed From this point 
Moszkowicz turned to the consideration of the less circumscribed breast 
lumps that are tender at menstruation The histology of these lumps 
was found to be a hyperplasia of the gland fields, an excessive i espouse 
to the premenstrual stimulation Transitional forms were then noted 
between these hyperplasias and the fully developed fibro-adenoma which 
caused Moszkovucz to assign to the latter a similai origin (fig 3) 
According to the same author, the changes observable in glands with 
“chronic mastitis” consist in an untimely hyperplasia of all the elements 
caused by an ovarian dysfunction and quite analogous to the hyperplastic 
changes m the endometrium Moszkowicz consideied carcinoma to be 
the result of the same type of stimulation, chiefly, apparently, because 
of the association of this disease with the benign conditions (fig 4) 
The ultimate causes of tumor growth that afifect the breast through the 
sexual organs are probably varied and may include such conditions as 
constitutional inferiority of the sex glands, toxic injury to the se\ 
glands, endociine disease and sexual irregularities Moszkowicz cites 
little proof of his theoiies, does not analyze his clinical material to am 
extent, seems unduly mechanistic m the finer details of his theory and 
entirely h)pothetic in his list of underlying causes Yet the theoietical 
possibilities of abnormal growth in the breast in response to ovarian 
stimuli, as he has suggested it, and particularly with regard to the close 
parallel Mith conditioirs as found in the endometrium, appear qnde 
sound 

(C) Caicinoma — The theories of the cause of cancer in the breast 
have folloM'ed closely those for the benign conditions especially^ those 
for the diftuse piocess, because few observers of “chronic mastitis have 
failed to find evidence of associated carcinoma and so have provisiona^^^ 
extended their theory to include the malignant forms Hence 
theories of the oiigm of cancer may be for coirv'^enience divuded m 
same manner 

(1) Caicinoma derived from sweat gland cells, the lesult ol m< 
formation This view again is chieflv supported bv Krompecher 





F:g 4 — Cystadenoma and fibro-adenoma with cysts filled by prolifeiating 
epithelmm and exhibiting an early stage of malignant transformation (After 
Aloszkowicz Arch f khn Chir, Berlin [Julius Springer] 144 138, 1927) 
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(2) Caicmoma as the lesult of irritants from stasis of secietioii 
As supporters ot this view are once more Adair and Bagg, Keynes, 
Beithels and Lukowsk} 

( 3) Carcinoma incidental to ceitain involutional changes This point 
ot Aiew has recently been discussed by Oertel in connection with pre- 
senile changes m both bieast and piostate 

(4) Caicmoma from ovaiian dysfunction The early views of 
Beatson on the subject, the evidence from animal experimentation, the 
theoietical concepts of Piibram and Moszkowicz have been discussed 

The attack on the pioblem of cancer of the human breast has been 
fiom two different points 

(1) The Histologic Here the case rests on the evidence ot a 
multitude of authors who have described the pathologic association of 
cancel and chronic mastitis and the fineness of the histologic boundaiy 
between the two (see Tietze, Berthels, Lukowsky, MacCarty, Reclus, 
Schimmelbusch, Kejmes, Ewing, Oeitel, Fischei and otheis) The 
association m all probability indicates either that the carcinoma is the 
deiivatne of the chronic mastitis or that the two are vaiying expressions 
of a similar piocess with a related cause 


(2) The Statistical The static picture afforded by micioscopic 
pieparations can scarcely be hoped to affoid proof of the natuie of the 
relations of the benign to the malignant giowths Attempts at pioduc- 
tion of cancer in man under predetermined conditions aie not possible 
The ultimate understanding of the origin of cancel must therefore 
result from a study beginning with the patient with cancel and attempt- 
ing to sort out from the multitude of innocuous stimuli which her 
breast has leceived, the specific ones, if there aie such that produced 
the cancer 

What seems to be the most careful etiologic study yet executed m 
a senes of cases of cancer of the breast was published in 1926 b) Dr 
Janet Lane-Cla}pon This woik was based on the histones of SOS cases 
of cancer and 509 noncancerous contiols obtained by a gioup ot eight 
observers in several English and Scottish hospitals The opportumt) 
thus afforded for collectively obtaining a laige amount of accurate 
mateiial pioduced a report that must claim precedence o\er most it no 
all preMous work and wdiich is distinctly discoui aging to mdm 


effort 

The most important result of Dr Lane-Cla) pen's studies appears t^ 
be the definite proof of higher relative incidence in nulliparous 
From this fact and from a short discussion of histolog}, the 
draw s the cautious conclusion that the continually recurring 
the menstrual cjcle — wdiatever their precise nature — ^liave an 
bearing on the whole process of h}perplasia and carcinoma 
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she sa) s that her statistics point decidedh against the belief that cancel 
IS more liable to occur in Momen Avhose breasts haAC been used for 
suckling at repeated pregnancies or m those aaIio hare been subject to 
abscess or suppuration in the course of lactation 

The folloAAung stud} cannot be compared AAith the just discussed 
report for magnitude or for detailed statistical anahsis It is hoped, 
hoAA eA er that a little ma} be accomplished by approaching the problem 
from a considerably difteient angle, particular!} b} more complete!} 
indiA iduahzmg the cases so that the dcAelopment of cancer can be 
studied in relation to the state of the breast at the time of the appearance 
of the tumor rather than in relation to antecedent behaAior or injuries 

(To he Concluded) 



OSTEOGENIC SARCOMA OF THE HUMERUS 

REVIEW or THE LITERATURE AND CASE REPORT + 


CHARLES BRUCE MORTON, MD 
Assistant Professor of Surgery and Gynecology in the University of Virginia 

univihsity, v \ 


A case of telangiectatic saicoma of the htimeius seen lecently at the 
Umveisity of Viiginia Hospital piesents several featuies that seem 
sufficiently intei esting to wai i ant a repoi t It has been submitted to the 
Registry oi Bone Saicoma foi study Because the case illustrates certain 
aspects of the disease mentioned b> Ewing, Kolodny and others, a biief 
summary of the leceiit hteiatuie dealing with osteogenic saicoma will be 
made 


REPORT OF CASE 

Histojy — R M, a mulatto boy, aged 17, was admitted to the University of 
Virginia Hospital on Jan 14, 1929 The family and past history was entirely 
negative The chief complaint was enlargement of the left shoulder of one weeks 
duration Because of slight soreness, which had increased gradually, his attention 
had been attracted to the shoulder about three weeks prior to the time of Ins 
admission Motion m the joint had been slightly limited because of pain No 
enlargement or other change m the appearance of the part had been noticed, how- 
ever, until the end of the second week At that time swelling became apparent, and 
subsequently the shoulder increased in size rather rapidly 

There had been no fever, chills, sweats or other systemic complaints or sjmp 
toms No history of any injury or trauma to the shoulder was elicited 

Exaimnation — Examination revealed a well nourished and fully developed 
colored boy (fig 1) The temperature was 101 F, the pulse rate 100 and respira 
tions 20 The systolic blood pressure was 128 and the diastolic 80 Phvsica w 
he seemed entirely normal except for the left shoulder It was 
enlarged and had a slightly fusiform appearance because of swelling o i 
anterior and lateral aspects of the region, which decreased in sjze as it exten 
downw'ard toward the anterior axillary fold (fig IP) The skm w'as 
tense over the mass, and there rvas some increase m the local temperature 
tion of the mass caused pain, and there was slight pitting with pressure 
was a definite feeling of fluctuation m the deeper structures Motion 
at the shoulder was moderately limited because of the pain which atten e 
actne and passive movement of the joint 

Examination of the urine revealed no abnormaliti The ° ^ 

S5 per cent, the red cells numbered 4,580,000, and the leiikocitcs, 1 , 

The Wassermann reaction vas neg 
Roentgenograms of tlie c 


smear and differential count were normal 
and no growth was obtained from a blood culture 


showed nothing abnormal Stereoscopic roentgenograms of the left 


slioiiidu 


Submitted for publication Feh 7, 1930 

From the Department of Surgeri and G\necolog\ Oiincrsiti of 
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^e^ealed a motheaten area of destruction of the shaft of the lett humerus extend- 
ing from the region of the epiphjseal line ^downward tor a distance of abou‘ 
8 cm There were some detachment and bulging of the periosteum of that area 
On the lateral aspect there was a fine, threadlike area ot increased densitj about 
2 5 cm m length projeeting outward and slighth upward from a point of attach- 
ment m the region slightlj distal to the epiplnseal line (fig 2) The roentgenologic 
diagnosis was “probable osteogenic sarcoma of the left humerus ” The possibilit} 
of ^chronic, low-grade osteom^ elitis, how'e\er, could not be excluded entirely 
Roentgenograms of the remainder of the skeleton showed no abnormahti 

The mass was explored wuth an aspirating needle, and about 10 cc of bloodj% 
serous fluid w'as recoi ered from w’hat appeared to be a multilocular ca% iti , in the 
W'alls of w’hich there seemed to be a deposition of calcareous material Smears 
and cultures of the fluid failed to re\eal either organisms or tumor cells A 
guinea-pig, into wdiich injections of some of the material were made, showed no 
evidence of tuberculosis after six w'eeks A biopsi w'as made on January 21 The 
pathologic diagnosis made from the tissue was “osteogenic sarcoma, telangiectatic 
with pentheliomatous arrangement of the cells ” 



Fig 1 — Patient at the time of admission A, only slight enlargement of the 
left shoulder B, lateral aspect of the shoulder 


Ticafweiit — Treatment wnth Cole 3 '’s mixed toxins w'as initiated on January 29 
One-fourth minim (0015 cc ) was given for the first dose, and each time the 
amount was increased until 3 5 minims (021 cc ) was reached The first injeetions 
were given intramuscularly, subsequent doses, directlv into the tumor The 
a\erage rise of the temperature following the injections was to 104 F, and the 
highest, to 106 F The injections were discontinued on February 15, after fifteen 
injections, because of continuous elevation of tlie patient’s temperature and his 
precarious physical condition 

Com jc —The course of the disease was extremeh rapid (fig 3) One month 
after the patient’s admission to the hospital the mass had tripled m size, the hemo- 
globin was 55 per cent and the red blood cells numbered 3 620,000 (fig 4) Twm 
months after his admission, the mass w’as more than 35 cm in diameter, the 
hemoglobin was only 35 per cent and the red cells numbered 2,500000 (fig 5)' At 
that time the tumor began to break dowm and became a fungating necrotic mass 
Handfuls of necrotic tissue sloughed from the interior of the tumor on several 
occasions On iMarch 28 and April 1, several hemorrhages oceurred On April 1 
Jeath ensued within a few hours of a seiere hemorrhage 

\ CO o/ijy— Postmortem examination reiealed the necrotic tumor mass alreadi 
aesenbed There was a pathologic fracture of the surgical neck of the humerus 
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(fig 6) Except for a small metastatic nodule about 1 cm m diameter m the lower 
part of the upper lobe of the left lung, no evidence of metastasis of the growth was 
found No other positive observations were made 

REVIEW or THE LITERATURE 

Prior to 1920, when the Registiy of Bone Saicoma was oiganized by 
Codnian- through the Amencan College of Surgeons, there was wide- 
spread misunderstanding in regard to the classification, pathology clinical 
course, prognosis, diagnosis and treatment of tumors of the bone In 
1920 Kolodny stated that the diagnosis was erroneous in one half of all 
cases diagnosed as saicoma of the bone by the clinician and pathologist 



Fig 4 — Anterior and lateral views of the shoulder one month after admission 

Since that time ceitain aspects of the subject have been greatly clarified 
bv intensive study of the material of the Registry Notable contributions 
have been made by Bloodgood,^ Christensen,- Codman,® Ewing,'* 

1 Bloodgood, J C How to Diagnose and Treat a Bone Lesion, J Bone S. 
Joint Surg 8 470 and 727, 1926 , 9 217, 1927 

2 Christensen, F C Bone Tumors Analjsis of 1,000 Cases with Special 
Reference to Location, Age and Sex, Ann Surg 81 1074, 1925 

3 Codman, E A The Registrj of Cases of Bone Sarcoma, Surg Gjnec 
Obst 34 335, 1922, Registry of Bone Sarcoma I Twenty-Five Criteria for 
Establishing the Diagnosis of Osteogenic Sarcoma, II Thirteen Registered Cases 
of ‘Five-Year Cures” Anahred According to These Criteria, Surg Gynec Obst 
42 381, 1926 

4 Ewing J Xeoplastic Diseases, ed 3 Philadelphia, W B Saunders Com- 
pain 1928, p 1127 
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Kolodn) ® and others Kolodny’s monograph is classic It lepiesents a 
comprehensne personal study of 700 cases of the Registiy and an exten- 
sive renew of the liteiatuie 

Incidence — Christensen analyzed 1,000 cases of tumois of the bone 
assembled from the Registry and certain other sources He studied 



Fig 5 Anterior and lateral views of the shoulder two months after a mis 
Note the great vascularity of the skin and the fungation of the tumor at t e 
of the biopsj 

the material particularly with reference to the location of 
and the age and sex of the patients He found that the most 

5 Kolodm, A Bone Sarcoma The Primar 3 jMalignant Tumor> 
and the Giant Cell Tumor, Surg Gjnec Obst 44 214 (4pnl) 19-/ 
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site of osteogenic tumois, both benign and malignant, was at the ends of 
the long bones Avhere theie is an epiphyseal disk of maximum growth, 
where the growth peiiod is longest and wheie the growth momentum is 
greatest Of osteogenic sai comas, 58 7 per cent were m males and 41 3 
per cent m females Osteogenic sarcoma occuried oftenest m the second 
decade of life, reaching a maximum incidence at the age of 15 years At 
no period of life howevei, was theie complete immunity 

Of all sarcomas one in thiee was osteogenic, and the knee was the 
most frequently involved part of the body Fifty-two per cent of oste- 



Fig 6 — The tumor at the time of necropsy Note the upper end of the humerus 
lying free in the tumor, vdiich had become necrotic and sloughed evtensivelj’' 


ogenic sarcomas occui red in the femur, 20 per cent m the tibia and 9 per 
cent in the humerus The remaining 19 per cent were distributed among 
the other bones of the body It is interesting that no case of osteogenic 
sarcoma of the lowei end of either the radius oi the tibia has occurred in 
the material of the Registry 

Etiology — Intensive stud} has faded to throw much light on the 
etiologv of osteogenic sarcomas Kolodnt mentioned the gradations of 
cases from those v ith tissue not unlike callus to those with a erA cellulai 
tissues He suggested that the deA^elopment of osteogenic sarcoma is 
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probabl} guided by the same piincipal laws of growth that are usually 
observed m the animal organism when m the stage of natural growth or 
when repair and regeneration take place Some unknown stimulus 
bleaks the “growth restraint” Trauma has fiequentiy been suggested 
as such a stimulus In a i ecent paper, Knox ® made a study of trauma 
in relation to tumor formation and concluded that a single trauma had 
larely if ever been proved conclusively to be of etiologic significance 

Classification — The term “osteogenic” (Ewing) indicates that the 
tumor has arisen from cells the function of which it is to form bone but 
i\hich may oi may not do so When bone is actually formed, the tumor 
may be still further qualified as “osteogenetic ” The following classifica- 
tion ot tumors of the bone was adopted by the Registry as a basis foi 
-itudy 

1 Metastatic tumors primary in tissues other than Done 

2 Periosteal fibrosarcoma 

3 Osteogenic tumors 
(a) Benign 

{b) Malignant 
I Periosteal 

II Medullary and subperiosteal 

III Sclerosing 

IV Telangiectatic 

4 Inflammatory conditions 

5 Benign giant cell tumors 

6 Angiomas 
(fl) Benign 
(h) Malignant 

7 Ewing’s tumor 

8 M3'eloma 

Kolodny discussed this classification and pointed out certain insufh 
ciencies in it He mentioned the importance of classification accordin-, 
to cell origin rather than cell ty'^pe for in the same tumoi difterent areas 
may show many different structures, such as fibiosarcoma cartilage or 
bone He suggested that until more accurate data were available a 
primary malignant bone tumors be subdivided into four groups 


1 Osteogenic sarcoma 

2 Ewing’s sarcoma 

3 ISh eloma 

4 Unclassified sarcoma including angio-endothehoraa and evtraper 
sarcoma 

6 Knox L C Trauma and Tumors, Arch Path 7 274 (Feb) 15-9 
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Pathology — Kolodny chaiacteiized osteogenic saicoma as a tiunoi 
deiived from cells that aie descendants of mesoblastic elements pre- 
destined embryologically to foim bone Hence these cells have the 
potential ability to diff ei entiate into osteoblasts In the dififei entiation 
theie aie many intei mediate stages and theiefoie many ditfeient struc- 
tmes 111 the same oi different tumois 

The commonest cell type in osteogenic saicoma is the spindle cell, 
usually the small vaiiety with a hypei chi omatic nucleus The epulis 
type of giant cell and the round cell aie no longei classed among those 
found in saicoma of the bone The chief moiphologic diffeience between 
osteogenic saicoma and othei malignant tumois is its mteicellulai sub- 
stance, which may be hyaline, osteoid, caitilagmous, myxomatous oi 
osseous 

Spontaneous l)miphocytic mfiltiation in the absence of pie\ious 
biopsy 01 tieatment seems to indicate some defense leaction to the tumor 
on the pait of the body All of the Registiy cases of five yeai cuies 
showed this phenomenon, hut not all cases that showed it weie cuied 
foi fiA^e yeais 

Clnncal Couise and P} ogiiosts — The onset ma> be and fiequently is 
insidious In the eaily stages of the disease many patients have been 
tieated for iheumatism because of pain in the legion of a joint The 
tumoi may not become appaient foi some time The lapidity with which 
It glows usually depends on the degiee of its malignancy The piognosis, 
while appaientl) pooi in all cases, depends on the degiee of malignancy 
of the tumoi In 1922, one and one-half yeais after the Registry was 
instituted, Codman stated “We know of only four cases of tiue 
osteogenic saicoma Avhich are alive in this countiy today, who weie 
tieated ovei five yeais ago These weie treated by amputation alone ” 
In 1926, he analyzed thirteen “fiA'e-yeai cures” and stated that in the 
majoiity of these cases some doubt as to the ceitainty of the diagnosis 
had been expiessed by some of the leviewmg pathologists 

Diaguo'ns — Accoiding to Ewing, persistent, inci easing and unex- 
plained pain is the most significant and the eaihest symptom in neaily 
all cases This is appaiently due to the sti etching of the sensitive peri- 
osteum hA^ the giOAving tumoi It calls for the pioAusional diagnosis of 
osteogenic saicoma at once The geneial health of the patients is neaily 
alAA^ajs good Moie oi less fixation of the soft paits and mciease m the 
Aenous cn dilation of the skin aie ohseiA’^ed early m most cases Some 
local heat and a slight eleAation ot body tempeiatuie are not uncommon 

The roentgenogram is of the greatest diagnostic importance Its 
duet featuies aie roughening of the outei suiface of the shaft and lift- 
ing of the periosteum at the advancing edge of the tumor the “leactive 
tiiangle” of Codman 
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Biopsy may be employed as a diagnostic aid m ceitain cases 
Goodwin," m discussing tumois of the bone, lecognized thiee types ot 
cases diagnostically In one gioup weie those m which the diagnosis ot 
mahgnanc’s was appaient, in another those in which the evidences ot 
benignity weie certain In between these were bordeiline cases in 
which the histoiy, the physical observations and the roentgenograms 
weie not conclusive, cases m which accuiate differentiation between a 
benign and a malignant lesion was most important in order to decide 
between conservative and radical treatment He stated that only in this 
i;roup of cases does biopsy serve a useful purpose In the other groups 
ic IS usLiall} unnecessary Fuithermoie, a biopsy made merely as a 
matter of record m inoperable cases is unfair to the patient because of 
the consequent stimulation to tumor growth and the subsequent funga- 
tion of the tumor which is almost certain to follow this proceduie, 
thereby adding to the misery of the patient until he is relieved by death 
When resoited to, biopsy must be done between tourniquets to prevent 
dissemination of malignant cells If the tissue proves malignant, imme- 
diate amputation is indicated 

Treatment — Ewing characteiized the treatment for osteogenic 
sarcoma as “a difficult and complex subject calling foi skill and expeii- 
ence ” Its results are un satis factoiy These tumois lesist iiiadiation 
and become more painful and somewhat swollen before the resulting slow 
regiession sets in Preliminary irradiation as a therapeutic test ana as a 
pieoperative measure is thought woith while by Ewing He stated that 
he was unable to evaluate the effects of Coley’s ® toxins in cases ot 
osteogenic sarcoma Codman expressed the belief that amputation pms 
Coley’s toxins offers the best chance of cure 

Telangiectatic Gionp — ^The telangiectatic vaiiety'’ of osteogenic sar- 
coma presents certain special features of interest in connection with the 
case reported 

As the name implies, this is a very vascular tumor The vessels mar 
be so large and numerous that the tumor pulsates, giving use to the term 
“malignant bone aneurysm ” Such tumois develop very rapidly, destroi 
the shait eaily^ with resulting pathologic fractures and yield metastases 
with a fatal termination within a few months The grovth is usua ' 
composed of a senes of communicating blood sinuses lined by hyP^I” 
chromatic spindle and polyhedral cells and supported by'’ strands of pari \ 
ossified tumor tissue The periosteum is soon perforated, and the timw 

7 Goodwill, W H Tumors of the Bone A Comparatne Studi, 

Surg 18 2353 (June) 1929 

8 Coler W B The Differential Diagnosis of Sarcoma of the Lon^ C 
T Bone & Joint Siirg 10 420 1928 
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sinuses lamify tlnough the muscles or into the joint A considerable 
segment of the diaphysis may be found fiee in the centei ot the blood 
mass 

Except in the eaily stages the loentgenogvam fails to reveal the 
usual featuies ot osteogenic sarcoma The elevation ot the periosteriin 
IS soon obscured b) the complete destruction of the shaft of the bone and 
the periosteum Such tumors progress very rapidly, and a serious con- 
dition is reached within a few weeks These tumors cairv the worst 
prognosis of any group and Ewing said that as far as he could leain 
ah cases ot this form of sarcoma have proved fatal 


COMMENT 

The most outstanding clinical featuies of this case were the extreme 
lapidit} ot growth of the tumor and the immense size attained by it 
t )nh four months elapsed between the time of the onset ot the first 
srmptoms and the death of the patient In spite ot the lapid growth 
and great malignancy of the tumor, however, only one metastatic trinroi 
was found at necropsy 

The age of the patient corresponds closely to that ot the niaxmrunr 
incidence of the disease as given by Christensen There was no Iristorr 
of antecedent trauma and no other appaient etiologic factor was dis- 
cover ed 

The influence of the biopsy on the course of the disease is difficult to 
determine with assurance The tumor had ah each broken through the 
periosteum and invaded the muscles of the arm when the biopsy was 
made It is certain howerei that the biopsy must have been diiecth 
responsible for the early fungation of the tumor In new of the main 
\asculai channels that must have been made accessible to detached tumor 
cells at the time of the biopsy, it seems remarkable that no more than 
one metastatic tumor was found at neciopsy’^ The small size of this 
nodule suggests implantation at a much later tune than that of the biopsr 
rvhen the rapidity of growth of the mother tumor is considered 

The stiuctuie of the tumor illustrates the point made by Koloclnr 
that different areas of the same tumor fiequentty show many different 
structural characteristics In this case the tissue removed at biopsr 
typicalh telangiectatic, wdnle sections from other portions of the tunio^ 
taken at neciopsr revealed various different structural cliaracteristi 
(figs 7 8 and 9) 

The diagnosis presented an interesting problem The lelatnely aci^^^ 
onset , the pain tenderness srvelling, local heat and fluctuation 
eleration of the patient s temperature and the numbei ot 
gested the possibility of a low-grade osteomyelitis of the humerus 
the roentgenogram show'ed some of the featuies conrmonh ou 
osteomr elitis 
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The couise of the disease and the fact that only one small metastatic 
tumoi was found at iieciopsy cause one to legiet that the patient was not 
given the chance, pool though it might be, offeied by a shouldei-giidle 
amputation Such an excision of the tumoi would have almost certainly 
prolonged the patient’s life and at least saved him from the discomforts 
caused bv the local gi owth Coley s toxins did not seem to be of any 
value in this case 









URETEROCELE ^ 
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Uieteiocele, one of the less common abnormalities of the genito- 
uimary tract, is the mtiavesical bulging of the mucosa of the lowei end 
of the meter Kaufmann stated ^ “If a meter ends blindly at its vesical 
ind, 01 if the vesical end of one oi both ureteis naiiows down to 
an exceedingly fine opening, the end of the metei coveied with vesical 
mucosa bulges into the bladdei like a bubble oi cyst, ureterocele vesi- 
calis ” Ureteroceles appear as rounded protiusions at one oi both iiie- 
teial oiifices, and, befoie the days of cystoscopy, they weie discoveied 
onU post moitem oi accidentally m the couise of mtiavesical opeiations 


DISCUSSIONS IN THE LITERATURE 

Histoucal Obscivatwiis — Most of the eaily obseivations weiemade 
at neciopsy, the eaihest, accoiding to Patch,” by Lechlei,® m 1835 
Civiale ■* mentioned cystic dilatation of the ureter m 1843 Lilienfeld ® 
desciibed the hist pathologic specimen of the kind m 1856, and in 1862, 
Smith ° reported observations on a specimen m which there was bilateral 
ureterocele Until 1898, Englisch was able to collect only sixteen 
authentic cases, and m 1906, Adiian® reported fifty-two cases from the 
liter atm e, mostly accounts of specimens obtained at neciopsy 

Apparently the eaihest operative intervention for collection of the 
condition was by Stieiibel,® in 1858 The first excision of uieteiocele 
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by suprapubic exposuie was by Fieyer“ m 1898 In 1903, Fenwick 
peifoimed the first tiansuretheral operation for excision of ureterocele, 
and Kelly m 1906, effected a cure by endovesical excision 

N omenclatw e — The nomenclature relative to the condition is most 
confusing , many terms are used, some of which obviously are inaccurate 
Teims encountered m the literature are cystic dilatation of the lower 
end of the ureter, cyst of the lower end of the ureteral tube, uretero- 
vesical cyst, cystocele, prolapse of the vesical end of the ureter, pro- 
lapse of the ureter, ballooning of the ureteric orifices, ureterocele and 
vesical ureterocele Of these, only the last two aie 'considered to be 
free from serious objections, and Petillo,^^ in a lecent discussion, con- 
cluded that ureterocele is the best term 

Etiology — Early reports indicated that ureterocele was more com- 
mon in young females It has since become apparent, however, that 
the condition is found at all ages the extremes of the ages lepoited are 
4 days and 62 years The literature seems to indicate that the abnor- 
mality is more common in females, although Patch stated that it occurs 
about equally in the two sexes In a series o^Tixteen cases reported 
by Enghsch in 1898, ten were m females, in 1913, Caulk leported 
six cases, five of which were m females, Martius,^“ in 1927, said “The 
condition occurs almost twice as frequently in women as in men ” The 
more recent literature contains many reports of the condition m males, 
practically all of them adults 

The opinion that ureterocele is based on a congenital abnormality 
IS championed by most of the older and many present-day writers 
Papin was convinced that the condition could not be acquired Of 
thirteen cases reported by Blumer,^^ ten were evidently of congential 
origin Fenwick believed the condition to be dependent on the con- 
genitally blind termination or narrow stricture of the ureteral orifice, and 

10 Fre-ver, P J Obscure Cystic Tumour of the Bladder Containing Two 
Calculi Successful Removal bj Supra-Pubic Cystotom^, Tr Roy Med S. Chir 
Soc 81 41. 1898 

11 Fenwick quoted b^ IMichel Urol 8. Cutan Rev 25 726, 1921 

12 Kelh, H A Two Cases of Stricture of the Ureter, Two Cases of 

dronephrotic Renal Pelvis Successfulh Treated bv Plication, Bull Johns Hop- 
kins Hosp 17 173, 1906 

13 Petillo, Diomede Ureterocele Clinical Significance and Process of For- 
mation, Surg GMiec Obst 40 811, 1925 

14 Caulk, J R Uretero^eslcal C\sts An Operative Procedure for Their 
Relief, J 4. M A 61 1685 (Nov 8) 1913 

15 Martins, H Zur Behandlung der Ureterocele vesicahs, Zentralbl f 
Gvink 51 327 1927 

16 Papin E quoted bv Patch J Urol 16 125 1926 

1/ Blumer G Notes on Two Cases of Ureteral Abnormalitv, Bull Johns 
Hopkins Hosp 7 174, 1896 
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that the force from abo\e, transmitted to the mucous membiane cover- 
ing the blind end, or on the weak intramural ureter above a nan owed 
orifice, causes it to bulge into the cavity of the bladder in the form of a 
globulai c} st Michel favored Fenwick’s theory, but did not think 
it necessary that the uieter should have an abnormal course through the 
wall of the bladder, as suggested by Caulk and Bachrach,^® or that 
the muscle of the wall of the bladder should be deficient about the iiretei 
The dilatation of the ureter occurs, he believed, under the mucosa of the 
bladder, after it penetrates the muscle Barringer,®^ in discussing the 
mode of pioduction of ureterocele, said “It is probable that the strictme 
of the ureteral opening is always congenital ” 

Thomas and Mellen pointed to the embryonic development of the 
ureter m supporting the theory of congenital origin They assumed 
that failure of development in the renal bud of sufficient lumen at its 
lower end, as it joins the bladder, may account for the strictured 
ureteral oiifice, also, that the opening which develops m the lining of 
the bladder may not be large enough 

Petillo, on the oflier hand, completely discarded the theory of con- 
genital origin of the condition, and ably defended the idea of the 
acquired nature of ureterocele Contrarj' to most wi iters, he does not 
believe that stenosis of the ureteral orifice is the cause of ureterocele, 
he reasons that if it were the condition would be much more common 
than it IS In a recent article, he pointed out that a local infection of the 
lower genito-uiinary system, such as seminal vesiculitis, may interfere 
with the innervation of the vesical end of the ureter, causing nerve 
block, paralysis and atony, and consequent dilatation of the intramural 
part of the ureter Petillo quoted the experimental work of Protopopow 
to support his theory of local infection as a cause of ureterocele and cited 
four cases in which ureterocele followed infection of the lower portion 
of the genito-unnary tract It is his belief that in the female, pelvic 
inflammatory conditions could effect the ureter McKenna,"® m a paper 
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published two yeais ago, defended the theoiy that the condition is 
acquiied, asseiting that dilatation may occui above a strictuie following 
local infection Lavandeia"‘ expiessed the belief that the condition 
may result fiom stenosis following injuiy fiom a ureteial stone, fiom 
tuberculosis or from any inflammatory piocess of the ureter He added, 
howevei, “The majoiity aie due to a ballooning of the uietei behind 
a congenitally stenosed orifice ” 

The suppoiters of the theoiy of congenital origin point to the fre- 
quent co-existence of uieterocele and manifestly congenital malforma- 
tions as additional evidence that the condition is not acquired Patch 
estimated that ureteiocele is associated with congenital anomalies in 
about 50 per cent of cases In thiity-two of the sixty-four cases 
reviewed by Lavandeia the condition was accompanied by anomalies of 
the genito-urmary system, mainly double ureters Caille’s case was 
that of an infant aged 2 weeks, who had double ureters Spooner and 
Lindsey,-'’ of the Mayo Clinic, reported a case of multiple malfoi illa- 
tions seen at necropsy in an infant 4 days old Bostroem Beach,-® 
Ogle and Tangl ®‘’ have reported cases of ureterocele associated with 
anomalies obviously congenital, including abnoiniahties of the renal 
pelvis, and ureters, hypospadias, imperforate anus, cleft palate and 
harelip 

Champions of the theoiies of congenital and of acquired origin aie 
agreed that the significant factor is the existence of obstruction at the 
ureteral meatus Ureterocele was present m two of the five cases of 
obstruction at the ureterovesical juncture repoi ted by Mertz Caulk 
IS of the opinion that the obliquity with which the ureter pierces the 

24 Lavandera, ]\I Further Observations on Ureteroceles, Surg Gjnec 
Obst 32 139, 1921 

25 Caille, Augustus Prolapse of the InA'erted Lower Portion of the Right 
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17 453, 1927 
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wall of the bladder is a predisposing factor, The piesence of calculi 
at the uretei ovesical juncture, and paiticularly then presence within 
the ureterocele sac, has led several wi iters to the opinion that the 
obstiuction due to the stone was the cause of the condition of uretei o- 
cele Smith described a case which seems to indicate that obstruction 
by a stone cannot in itself be the cause of the condition Lavandera, 
maintaining strict neutiahty, pointed out that a congenital condition 
may exist and may remain symptomless until adult life, when inflamma- 
tory changes become supei imposed Thus, ureterocele thought to be 
due to infection or calculus may have been present since birth, the super- 
imposed inflammatory process precipitating the symptoms Lavandera 
IS of the opinion that “It is moie logical to think of a stone secondary 
to ureterocele, than the reverse ” 

Pathology and Associated Pathologic Process — Although the condi- 
tion usually IS unilateral, it may be piesent on two sides Portner.^- in a 
series of forty cases, found it bilateral in five Smith, Burckhart,^^ 
Rathbun,^^ Aschner and Ryall also reported cases of bilateial 
ureterocele 

Kaufmann described it as a “bulging into the bladder, like a bubble,” 
and Fenwick described its gross appearance by introducing the word 
“balloon ” The size and shape may vary within wide limits, as pointed 
out by Patch and others In early cases there is a small rounded tumor 
with a broad base, while in the more advanced cases the tumor becomes 
elongated The shape varies with the distention, some are descnbed 
as globular, otheis as ovoid, triangular or finger-hke The walls of the 
cyst may be thin, glistening and transparent, or thick, reddened and 
with dilated vessels com sing over the surface The position of the 
ureteral orifice varies It may be at the usual site, but generally it is 
eccentrically situated on the side or on the posterior aspect of the tumor 
The orifice, however, is almost uniformly constricted 

All authors agiee that the wall in ureterocele consists of two layers 
of mucous membrane, that uieteral mucosa lines the inside, and vesical 
mucosa the outer surface The nature of the tissue between these tvo 
mucous surfaces is controversial , some report having found muscular 
tissue and others assert that only fibrous connective tissue is present 
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Uiinaiy calculi often aie associated \Mth the condition, many 
^\ liters repoit the piesence of one or moie stones of A^aried sizes 
Different types of iireteial and lenal pathologic changes may exist 
Usually theie aie thin-walled, dilated or toituoiis ureters, and dilated 
lenal pelves, with some degiee of h)dionephrosis oi pyonephiosis 
Atiophy of the kidne) has been found infiequently Often some degree 
of cvstitis exists 

Symptoms — The symptoms piesented in uieterocele vary widely 
with the size and situation of the tumor, and the presence or absence of 
infection As has been stated symptoms ma> not be present, the con- 
dition may be found accidental!} On the othei hand, the patient may 
appeal acuteh ill, and may suffer seveie colicky pain, accompanied by 
pyrexia and leukocytosis Many patients with this condition complain 
of dull, aching pain m the flank, often radiating to the region of the 
bladder 

Caulk, Hyman and others have classified the symptoms as renal 
and vesical The former group are essentially those of obstruction 
that is, of hydronephiosis or py'onephi osis and obtain in cases in which 
the ureteral orifice is obstructed Instances m which the opposite ureter 
was obstructed have been reported Symptoms referable to the bladder 
may be only those of cystitis, or if the tumor blocks the urethral orifice, 
the evidences of obstruction to urinary' outflow may' be added Furni- 
val’s case is interesting In a giil, aged 16, the first symptom was 
sudden discharge of blood fiom, it was thought, the vagina At first 
this was considered to be the onset of catamenia Later, urinary' incon- 
tinence, frequency and straining appeared, and the tumor, ureterocele 
by pathologic diagnosis after lemoval, was seen presenting at the vulva 
In many other early accounts cases were described m which the tumor 
had passed through the female urethra and appeared at the meatus 
This had occurred in four of the cases reported by Blumer , the case 
of Davies-Colley' was that of a girl, aged 18 months, in whom the 
tumor projected from the urethral orifice 

Diagnosis and Diffei ential Diagnosis — It is apparent that the diag- 
nosis of ureterocele can be only presumptive save by cystoscopic exami- 
nation or surgical exploration There are no pathognomonic symptoms 
The tumor may be seen at the usual site of the ureteral orifice extending 
into the cavifv of the bladder Hyman warns that it may be overlooked, 

37 Hyman, Abraham Ureterocele with Especial Reference to Endovesical 
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especially if it happens to be empty and collapsed Young vnidh 
described the characteristic intermittent ballooning of the tuinoi H)inan, 
Caulk, Kelly, McKenna and others have also desciibed and emphasized 
this ballooning as being characteristic of ureterocele 

Prolapse of the lower end of the ureter is the condition from vhicli 
ureterocele must be carefully distinguished The size of the ureteral 
orifice has been mentioned as a significant point in the diiferential 
diagnosis In prolapse the mucosa is turned out thiough an enlarged 
orifice, whereas in ureteiocele the orifice is small and the mucosa is 
not everted Kapsammer observed that in prolapse the blood Aessels 
appear sharpl)'^ cut ofi at the base, in a uietciocele the delicate iietwoik 
of vessels can be seen coursing over the cyst Other points of difference 
in the two conditions, as seen by Kieissl and Gehl,^- aie as follows In 
prolapse the tumor is pedunculated, the top is broad and the ureteral 
orifice IS situated centrally, in ureterocele the base is broad and the 
oiifice IS situated eccentrically In prolapse, the prolapsed mucosa can 
be replaced in the ureter, whereas this is not possible if the condition is 
a ureterocele Thomas and Mellen called attention to the fact that when 
filled with urine, a ureterocele sac will transmit light as does a 
hydrocele sac 

The clinical picture of ureterocele may also resemble that of appen- 
dicitis, pelvic infection or disease of the gallbladder, as well as other 
conditions of the urinai)’’ tract with which it may be associated Benign 
neoplasms of the bladder must also be differentiated from ureterocele 

Ti eatment — The treatment for ureterocele is entirely surgical In 
former days suprapubic cystostomy usually was done The methods of 
attacking the tumor vary fiom simple slitting of the cyst, with suture 
of the two mucous layers, to complete lesection and arcular suture of 
the mucosa Many suigeons still consider the supiapubic route the 
method of choice, especially in male patients 

According to Patch, the important consideration in the treatment is 
pi evention of ureteral and pelvic stasis Eisendrath pointed out that 
the method of ti eatment must depend on the amount of leiial injur} 
and the presence or absence of infection If the kidney is injured to 
such an extent that its function is markedly impaired, and if infection 
IS evident, he chooses to do nephrectomy Resection of the tumor, vith 
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transplantation ot the ureter into the bladdei at another point, may be 
done Harnagel stated that nephrectomy and ureterectomy ha\ e been 
done without disturbing the cyst Macalpine reported a case in ^^hlch 
he removed the tumor through the opening made at suprapubic C} stos- 
tomv, with cure 

Man} writers have reported excellent results after treating condi- 
tions of ureterocele b} the transurethral route Fenwick, in 1903, oper- 
ated successfully through the urethra Kell}^ Caulk, Wolf,'*® Young 
Buerger ■*' and many others have accomplished clinical cures by endo- 
vesical procedures of A^arious t}pes Wolf used the cautery of an operat- 
ing cystoscope to destroy the tumor , Caulk slit the a\ all of the c} st with 
A^esical scissors , Young used his c} stoscopic rongeur to remove the wall 
of the sac, Buerger introduced a knife and punch forceps through the 
c} stoscope 

Petillo, jMartius and Ehrich ■‘® expressed the opinion that endovesical 
electro-coagulation is undoubtedly the method of choice Petillo con- 
sidered suprapubic C 3 Stostom 3 ' and resection of the ureterocele as sur- 
gical abuse, except under extenuating circumstances Aschner, R 3 all, 
Brown,*® Pollet and others also reported good results follow mg trans- 
urethral fulguration, and consider this method of treatment adequate 
and simple Ehrich considered the onh- advantage of the suprapubic 
procedure to be the possibiht}’’ of doing a bilateral operation m one step 

A number of recurrences after transurethral operation have been 
mentioned m the literature, but it is the opinion of man}' writers that 
these could have been prevented b}' s} stematic dilatation of the urethral 
orifice b}' means of bougies and catheters Thomas and iVIellen con- 
cluded that in mild t 3 pes of ureterocele the condition can be cured b}' 
lepeated dilatation of the ureteral orifice, together with pelvic lavage 
The}' emphasize the importance of clearing up all urinary infection, 
and in their practice, they search for and eradicate all focal infection, 
such as that of tonsils and teeth 

In 1924, Caulk described his “high frequency scissors,” w'hich burn 
as they cut, to relieve obstruction at the ureterovesical juncture Later 

44 Harnagel, E J A Simple Treatment of Certain Lesions of the Intra- 
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m the same }eai, Bumpus described a uieteial scissors designed to cut 
obstruction at the uieteral orifice, under guidance of the eye 

In 1924, Romaine “ reported a case in which treatment was by 
supiapubic cystostomy and excision of a large uieterocele, and in which 
cure was brought about He advised against transurethral fulguration 
for the following reasons Repeated fulguration would have been neces- 
sary’-, the danger of ulceration of the wall of the bladder was thought 
to be too great , he feared possible scar formation, -with stricture and 
seiious injury to the kidney Another danger of transurethral opera- 
tion, as brought out in the literature, is that of postoperative hemor- 
rhage No such accidents of consequence have been reported, however 
Martius warned against intravesical fulguration of the two sides at one 
operation, because of the temporary interference with the passage of 
urine that may follow Ehrich expressed the belief that such procedures 
must be done in two steps, because obstruction is relieved only after 
the necrotic eschar has detached itself 

Blum cited a case of ureterocele in which there was a calculus in 
the sac, and in which the sac ruptured spontaneously, with clinical cure 
This review of the literature was stimulated by two cases in which 
operation was recently performed at the Mayo Clinic by Walters 

REPORT OF CASES 

Case 1 — The patient was a nulliparous, married woman, aged 25, who had 
always been well, except for some urinary frequency, until eleven months prior 
to her visit to the clinic She then had an attack of severe colicky pain in the 
suprapubic region , it did not radiate, and was accompanied by nausea, but not 
dysuria 

When the urine was examined it was reported to contain a great deal of pus, 
the pyuria persisted during the intervening eleven months Nothing of significance 
was discovered on general examination Urinalysis revealed red blood cells gra c 
1 and pus graded 4 Tests of renal function showed the right kidney to e 
functionless The concentration of urea was estimated at 20 mg per hun re 
cubic centimeters of serum The bladder contained, respectively, 120 and ^^c^ 
of residual urine on two occasions, and cystoscopic examination revealed a c)S > 
mass, 3 cm m diameter, with the meatus on the posterolateral aspect, apparen 
not communicating with the mass There was chronic diffuse cystitis an 
P3’'elonephntis with atrophy and ureteritis At examination a few days later, 
note was made that although fluctuation in the size of the mass was not seen, 
possibility of its being a ureterocele was suggested , 

Right nephrectomj" was advised , at operation the right kidney was ou ^ 
be atrophic, and on that side there was duplication of the ureters one o 
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was the site of a huge hydro-ureter Nephro-ureterectomy seemed advisable, and 
according!} both ureters were seiered from the bladder and removed witli the 
kidnev The normal si/ed ureter was joined to the hydro-ureter m an ampulla- 
hke swelling just before it joined the mucous membrane of the bladder, this 
measured 2 5 cm in length, and was dilated to about the same width, bulging into 
the cavity of the bladder Above and below this, the ureter was constricted 
At cjstoscopic examination nineteen days after operation the cistic tumor in 
the bladder uas reduced to about one-third its former size 

Case 2 — A man, aged 25, five years previously had had acute gonorrheal 
urethritis He complained of urinary difficulty, which he had had as long as he 
could remember, and uhich consisted of burning, frequency and nocturia, strain- 



Fig 1 (case 1) — Right kidney with two ureters, one of which is a hvdro- 
ureter 

mg, dribbling and ^oldlng of an interrupted stream He had “always” had sore- 
ness in the right flank, but no colic, although at times, when voiding, sharp pain 
radiated from the bladder upward to the region of the right kidney Following 
a siege of influenza four months before coming to the clinic, all urinary symptoms 
had been aggra\ated, the attacks of pain in the right flank had become severe, 
and w’ere accompanied by chills and fever 

On general examination the patient appeared ill Urinalysis revealed red blood 
cells graded 1 and pus graded 4 The erythrocyte count was normal, and there 
w-as no increase in the number of leukocytes Blood urea w'as estimated at 20 
mg per hundred cubic centimeters, and roentgenographic examinations of the 
kidneis, ureters and bladder gave negative results The cystogram, however. 
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rcA ealed a normal outline of the bladder with an egg-shaped filling defect on the 
nglit side On cjstoscopic examination, a rounded mass was seen "projecting 
from the right of the trigone, with broad attachment, smooth, soft, but not trans- 
lucent, the right meatus was not seen” Functional tests of the two kiclneis 
separately showed that the right kidney was functionless A diagnosis was made 
of ureterocele or benign tumor of the bladder, with functionless right kidnei, and 
operation w^as advised 

On the er ening of admission to the hospital, the patient had a severe chill, and 
the temperature mounted to 103 F, where it remained with but little lariatioii 



Fig 2 (case 2) — Right kidnej’' with hydro-ureter 

for three dais after uhich it dropped abruptlj^ to normal During tins 
there was intermittent serere pam in the right low'er part of the ab 
atmg up to the legion of tlie kidney, and marked tenderness m the 
quadrant and flank The leukocjte count increased from 8,500 to -r 
per cubic millimeter a 

After an mterral of four dars, during which the jpritmn 

normal le\ el, and the leukocr te count returned to normal, suprapu ic c 
of the bladder was performed A huge ureterocele sac ^^as foun 
the bladder from the region of the right ureteral orifice, the Qriflcc 

approximateh 6 5 cm m length and 3 5 cm in diameter The ure ‘ 
was seen at its apex The ureter was about 2 5 cm in diameter tir 
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upper third, the lowei poition was bulbous and measured about 4 5 cm m diame- 
ter There was hydionephrosis, with destiuction of considerable renal substance 
The ureterocele was resected, the mucous membrane of the bladder was closed 
with interrupted sutures of catgut and the ureteral stump w'as ligated The ureter 
was then dissected free from the bladder and freed almost up to the level of the 
kidney The suprapubic w'ound was then closed, w'lth a no 30 catheter m the 
bladder and two Penrose cigaret drains m the right perivesical space The patient 
was then turned on the left side and the right kidnei' and ureter w'ere removed 
intact 

The report of the pathologist included hj dronephrosis, wuth destruction of 
about 70 per cent of the renal substance, ureterocele and markedh dilated ureter 
The patient had an une\entful convalescence and was dismissed from the hospital 
three weeks after operation m excellent general condition 

COMAIENT 

In neithei of these cases was a iDositn e diagnosis made by cystoscopy 
Although uieteiocele tvas consideied in each, neithei piesented the usual 
appeal ance of uieteiocele at cystoscopic examination, the intermittent 
ballooning and ti anslucenc}'’ weie absent The etiology is not cleat in 
either case In one case, the condition was associated with a congenital 
anomah ot the uiinai} tiact In both cases m all piobabihty, the con- 
dition had been piesent foi a longer time than the dmation of seveie 
s}mptoms, which in the fiist case evidentl} weie due to supei imposed 
infection and in the second to obstiuction at both ureteial and uiethial 
oiifices Pyuiia had been a persistent s}mptom in both cases The 
radical method of tieatment was deemed advisable m Aiew of the infected 
functionless kidneys and the associated pathologic changes in the ureters 
In one case the uieteiocele sac was lesected tians\ esically , in the othei 
it was not distuibed 



CHANGES IN THE HEAD OF THE FEMUR AFTER 
COMPLETE INTRACAPSULAR FRACTURE 
OF THE NECK 


THEIR BEARING ON NONUNION AND TREATMENT ■" 

JOSL V SANTOS, MD 

CHICAGO 

In a discussion of the changes in the head of the femur following a 
complete intracapsular fractuie of the neck, a preliminaiy consideration 
of its blood supply is necessary foi a proper comprehension of the 
secondary changes which may take place in it 

It IS geneially accepted that the main blood supply of the femoial 
head comes from 

1 The ligamentum teres Hyrtl,^ Senn - and Langei ® considered the 
vessels running through this ligament of little importance and thought 
that they became obliterated in old people, but lecently Schmoil ■* showed 
in a study of serial sections that the vessels of the round ligament aie 
active even in old age He cited a case in which, in spite of fracture 
of the neck of the femur and complete destruction of the capsule, the 
whole head was adequately nourished thiough the vessels of the hga- 
mentum teres This was also proved by Basset ® and Frangenheim ° 
Frangenheim found permeable although somewhat thickened vessels 
present in the ligamentum teres of a peison 85 years of age Nuss- 
baum," likewise, was able to demonstrate anastomosis between the 
aiteiies of the ligamentum teres and the netwoik of vessels in the head 
of the femur in a man 60 yeais old Iselin ® pioved expel imentally that 

* Submitted for publication. Sept 10, 1929 

' From the Department of Surgery, The University of Chicago 

' This work has been conducted under a grant from the Douglas uii 
Foundation for Medical Research of the University of Chicago 
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interruption of the blood vessels in the hgamentum teres does not neces- 
sarily lead to seiious consequences in the femoral head 

2 The capsulai aiteries It is generally agreed that the mam vas- 
eular supply of the femoral head comes fiom the branches of the cap- 
sulai arteiies Schmorl ‘ and Nussbaiim ' described the mam vessels 
as being at the upper and lateral paits of the capsule Frangenheim 
thought that these vessels are at the anterosuperioi aspect of the cap- 
sule Nehdofif'’ found them at the posterior aspect of the capsule 
Lexei and Waldenstrom” thought that the lateral two thirds of the 
head is supplied by capsulai branches running along the upper margin 
of the femoial neck Anothei vessel, which supplies only the medial 
third of the head, is found along the lower margin of the neck These 
\essels aie also the mam source of nutrition foi the femoral neck 
Fiom a survey of these anatomic studies it would seem plausible 
that m an extiacapsular fracture, as m the intertrochanteric or peritro- 
chanteiic region, when there is preseivation of part or all of the cap- 
sulai attachment, theie is absence of, or only negligible interruption of, 
nutrition fiom the capsulai lessels On the other hand, a complete 
medial or mtracapsular fractuie, especially of the subcapital type, will 
se\ei capsular connections and interrupt tbe mam source of blood sup- 
ply to the head The head in this case, however, may still be nourished 
b} the vessels of the hgamentum teres and by the s}novial fluid For 
the satisfactory study of the changes in the femoral head after such a 
fracture, it is necessaiy to utilize cases m which there is a separation 
of the fragments, and otheis m which there is impaction or contact 
between the fracture sui faces Fifteen selected cases have been studied 
In the first group, two types of cases will be considered, namely, those in 
which die head fiagment is necrotic, and those in which it is alive in part 
01 whole, and its nutrition adequately maintained by the vessels of the 
round ligament In the second group, I shall consider cases m which 
bony union has not }et occuiied, and those in which bony consolidation 
eventually lesulted 

SEPARATION OF THE TRAGMENTS 
Cases 1 , 2, 3 and 4 are cited to show that, following the fracture 
the head may subsequently undergo total necrosis, which later is followed 
by secondaiy disintegrates and reconstructive changes m it 

9 Nelidoff W Zur Anatomic des Hiiftgclenkes, Verhandl d Russ Chir 
Pirogof? Gesellsch 5 16, 1922, Zcntralorg f d ges Chir 21 128, 1923 

10 Lexer, F Weitcrc Untersuchungen uber Knochenarterien und ihrer 
Bedeutung fur krankhafte Vorgangc, Deutsche Ztschr { Chir 43 481, 1904 

11 Waldenstrom, H Fractures rcccntes du col femoral Traitement opera- 
toirc ou orthopedique " J de chir 24 129, 1924 
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CASE 1 (NECROTIC HEAD) 

Case 1 indicates the possibility of marked secondaiy vasculaiization 
and oiganization of the greater part of the mairow and a small amount 
of the dead hone of the neciotic head from the hgamenttim teies 

The patient was a woman, aged 54 Two months before examination, she 
fell on her right hip, following which she received no treatment but had pain and 
loss of function necessitating the use of crutches in walking A roentgenogram 
showed an ununited intracapsular fracture of the neck with considerable erosion of 
both fragment ends The head retained its normal density, except in its superior 
portion and in its inferior portion near the junction with the neck, where the 
density was slightly reduced The innominate bone and the distal fragment of the 
femur showed a slight atrophy from disuse (fig 1) 



Fig 1 (case 1) — Roentgenogram of the hip, two months after the injun, 
showing normal density of the greater portion of the femoral head and atropln o 
disuse of the innominate bone and distal fragment of the femur 

A Whitman reconstruction operation was performed The joint caiih 
found to be filled with a serohemorrhagic fluid The neck of the femur s lo 
an intracapsular fracture with complete detachment of the fragments jMost o 
neck on either fragment had been eroded away The sharp edge of 
part of the distal fragment of the neck fitted into a deep cavity which la 
eroded in the under surface of the proximal fragment In removal o f 
the ligamentum teres tore near the acetabulum, and a spurting artery ivas 
the stump, indicating an increased blood supply entering bv this route 

j\Iac! oscopic Appeal ance of the Eicised Head — The articular 'j-jie 

head of the femur showed a fairly regular hemispherical contour (fig ^quiuI 

surface ^^as covered bv bluish-white, glistening articular cartilage 
ligament was enlarged and h^peremlc Around the foica there 
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a small amount of absorption of cartilage and replacement by connective 
tissue The fracture surface showed erosion of the neck up to the margins of 
the articular cartilage, except for a protrusion of dense bone 1 cm long at its 
central portion Beneath this was a cup-shaped erosion, 1 cm deep, which was 
produced by the protruding portion of the lower part of the neck Its surface 
was hard as a result of the eroded bone dust that had been ground into the 
cancellous spaces 

A coronal section was made of the head passing through the fovea (fig 2B) 
The bone was found to be of normal density and the articular cartilage of normal 
thickness The bone was yellowish white in its peripheral portion But invading 
the head from the fovea was a dark gray band of tissue extending across the 
fragment almost to the fracture surface It appeared to be young connective 
tissue and blood vessels that had grown in from the round ligament 

Mtcioscopic Appemance— The articular cartilage was of normal thickness 
and was attached to the underlying bony cortex, but it was necrotic in its entire 



Fig 2 (case 1) — A, appearance of half of the removed femoral head, showing 
attachment of the ligamentum teres (a) and normal contour of the head with slight 
erosion of the cartilage about the fovea (b) B, freshly cut section of the head 
showing a portion of markedly hypertrophied ligamentum teres (a), intact articular 
cartilage (b), invading connective tissue (c), pinkish spongiosa with fresh bleeding 
id) and normal bony trabeculae (e) 

extent (fig 3) Most of the cartilage cells had broken down, a few showed 
shrunken, fragmented, poorly stained nuclei The superficial la 3 er of cartilage 
immediately surrounding the fovae \vas 'eroded and replaced by connective tissue 
apparenth extending from the round ligament, which show'ed marked hypertrophy 
and increased vascularity The deeper la 3 -er of the cartilage showed slight calcifi- 
cation All of the old bone and bone-marrowr of the head were necrotic That in 
the 3 'ellowush peripheral portion, Avhich comprised approximately one third of the 
specimen, remained uninvaded, and its trabeculae were of normal size In the 
dark central zone, the necrotic marrow' had been absorbed and replaced by vascular 
roung connective tissue, fat and fibroblasts A rer 3 small amount of new bone 
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was being laid down in the connective tissue and on the old necrotic trabeculae, 
and in places the old bone was being absorbed (fig 4) These bone lamellae lav 
in a matrix of loose fibrous connective tissue containing many dilated blood 
vessels and densely infiltrated with red blood cells, osteoblasts and hemopoietic 
cells This highly vascularized tissue replacing the dead marrow formed 
a more or less diffused zone w'hich extended from the ligamentum teres 
to the fracture surface below in the region of the eroded pit and peripherall} 
to near the junction of bone and cartilage at the rim of the femoral head The 
deep cr 3 'pt on the fracture surface was lined bv small fragments of dead bone 
that had been ground into the cancellous spaces by pressure from the opposing 
bone In places, these fragments were surrounded by vascular connective tissue, 
and showed new bone formation and lacunar absorption 



Fig 3 (case 1) — Area of attachment of the ligamentum teres 
mentum teres with numerous blood vessels (a), fibrous tissue invasion o 
cartilage (b), slightly calcified cartilage (c), numerous dilated blood 
the marrow' (d), highly vascularized fibrous marrow (c) and ^ 

iinreplaced marrow wuth necrotic bony trabeculae (/) Reduced from a mao 
cation of X 60 


SniiiDiaiy — Summarizing the case, one has 

1 Nonunion of an intracapsular fracture of the neck of the femur 
months’ duration with apposition of the fragments 

2 Verj little decrease in the densitv' of the head but atroph) of ( is 

distal fragment and pehis narrow 

3 Necrosis of the entire head, including bone, cartilage and bone 

4 Invasion of about two thirds of the cancellous space of to tl <• 

vascular connective tissue extending from the fovea across the cen ra 
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fracture surface, very slight bony transformation going on in this region as a 
result of absorption of the old necrotic bone and replacement of it by newly formed 
bone 

5 Marked hypertrophy and vascularization of the hgmentum teres 

6 Slight erosion of the articular cartilage with fibrous tissue replacement 
about the fovea 

CASE 2 (NECROTIC HEAD) 

Case 2 also showed secondaiy invasion of the neciotic head by 
vascular connective tissue from the region of the ligamentum teres 
with subsequent absorption of the necrotic lamellae and formation of 
a small amount of new bone in this region Marked erosion of the 



Fig 4 (case 1) — Area of regenerative and absorptive processes Note 
newly formed bone (a), osteoblast (&), dilated blood vessels (c), multinucleated 
giant cell (d) and necrotic bony trabeculae (c) Reduced from a magnification of 
X 160 

articular cai tilage and undei lying spongiosa about the fovea occurred m 
this head 

The patient vas a voman, aged 57 Sixteen months before examination, she 
fell on her right hip, and thereafter suffered marked pain and disability in it A 
roentgenogram at that time showed an intracapsular fracture of the neck of the 
right femur A closed reduction was performed on the same day, and the body 
and extremity v ere placed in a long plaster spica, which remained on for eight 
weeks The cast was then removed, but on account of the persistent disability and 
pain in the right hip, she remained in bed for five months After that, she walked 
on crutches The roentgenogram showed nonunion, with complete erosion of the 
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neck fragments The head cast a shadow of normal density, except for a narrow 
margin about the fovea, where it was reduced (fig 5) The distal fragment and 
innominate bone showed atrophy of disuse 

A Whitman reconstruction operation was performed The fragments were 
found separated with the head lying in the acetabulum and the end of the distal 
fragment displaced upward The ligamentum teres was small, and no spurting 
artery was seen when the head was removed The neck portion had been com- 
pletely eroded, and the fracture surface was largely covered by an overgrowth of 
connective tissue from the capsule 

Maci oscopic Appeal ancc of the Erased Head — The fovea was occupied by 
a narrow ligamentum teres, which readily tore out from its attachment to the head 
The head showed an almost normal contour, except for an area 2 cm in diameter 
about the enlarged fovea, where a depression was encountered (fig 6 A) In this 
region, the articular cartilage and the subchondral bone were eroded, exposing a 



Fig 5 (case 2) —Roentgenogram of the hips Note the marked absorption 
the neck of the right femur The head cast a dense shadow, except for a sm 
invaded area at the fovea, which showed reduction in density 


dark-staining spongiosa The rest of the articular surface of the lea 
covered by whitish, glistening cartilage The fracture surface w'as line ) 
fragments of bone to which a small amount of fibrous tissue was adheren^^^ 
The femoral head cut with normal resistance The cut surface s o 
defect at the superior portion of the head (fig 6 B) This was line 3^ 
stained tissue, which extended down into the underlying spongiosa ^ ^ 

the spongiosa was yellowish The articular cartilage was intact, 
margin of the erosion about the fovia, where it was lifted an 
by' the darkly' stained spongiosa sho"e<l 

Mia oscopic Appeal ance — The articular cartilage was necrotic spicc' 

rkpH ralrifiratinn in thp l.ver ffie 7) Most of the cartiMi,. . 


marked calcification m the deeper lay'er (fig 7) staining 

were empty, w'hile a few' w'ere occupied by small, shrunken, poor under- 

\t the margin of the erosion about the fovea, the cartilage was^ erosion 
mined bx an ingrowth of vascularized connective tissue iniUo 


and 
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extending- down deep into the spongiosa was a rather loose, cellular, vascularized 
eonnective tissue Embedded in this, especially along the floor of the erosion, 
were necrotic bony trabeculae which showed simultaneous absorption and forma- 
tion of new bone Red blood cells, monocytes and osteoblasts were also seen 
about the necrotic lamellae Immature fibroblasts pushed their way from the 
invading vascularized connective tissue into the surrounding necrotic fatty marrow 
This gradually merged into a clear area awav from the fovea and along the 
fracture surface, where the necrotic bony lamellae shoived no signs of absorption 
or regeneration They ivere surrounded by a dead marrow made up largely of fat 
spaces 

Sniiiniaiy — The case mav be summarized as folloivs 

1 Intracapsular fracture of the neck of the femur w'lth wide separation of 
the fragments 



A B 

Fig 6 (case 2) — A, appearance of the femoral head showing the erosion about 
the fovea 5, freshly cut surface of the femoral head showing erosion (a) and 
invaded and vascularized portion (b) 

2 Normal density of the head, except for slight rarefaction m its superior 
half, marked absorption of the neck Atrophy of disuse of the distal fragment 
and of the innominate bone 

3 Necrotic femoral head 

4 Presence of a hgamentum teres 

5 Invasion of the necrotic head by vascularized connectne tissue from the 
fo^ea downw'ard into the upper half of the fragment 

6 klarked absorption of the articular cartilage about the fovea 

/ Formation of a very small amount of nerv bone and bone-marrow' and 
absorption of old necrotic bone in the secondarih \ascularized region 
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CASE 3 (NECROTIC HEAD) 

Case 3 is cited to indicate that the snpeiior portion of the necrotic 
head pressing against the acetabulum may be traumatized and the car- 
tilage and bone thereby undergo extensive destruction Secondary 
invasion of the necrotic head from the ligamentum teres and surround- 
ing capsule may occur with simultaneous absorption of dead bone and 
foimation of new bone 

The patient was a woman, aged 44 Thirteen months before examination, she 
fell on her right hip and subsequently suffered pain and limitation of motion at 



Fig 7 (case 2) — Microscopic section of the invaded portion of the hea 
necrotic articular cartilage (a), markedly vascular and fibrous marrow 
new formed bone on a necrotic trabecula (c) Reduced from a magniica 
X 160 

the hip The roentgenogram taken of the hip at the time reduc 

capsular fracture of the neck with separation of the fragments '^j-eniainM 

tion was attempted, and a long plaster of pans spica applied in 

place for ten weeks Walking thereafter, although possible, pro uce 

right hip Roentgen examination at this time showed nonunion wit ^ ^ 

of the fragments and marked absorption of the neck (fig 8) 

dense shadow which was uniform except in its lower portion w lere i^^^^ ^ ^ 

The neck showed marked rarefaction and absorption This was leri 
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the day after the examination a Whitman reconstruction was performed At the 
operation, the head was found embedded in fibrous tissue adhesions in which the 
ligamentum teres could hardly be identified It was considerably damaged in prying 
It out of the acetabulum and a portion was detached bordering on the fovea 

Maaoscopic Appeal ance of the Excised Head— The articular cartilage showed 
marked irregularity with destruction at the superior surface, where there was a 
defect from injury inflicted during removal and from absorption at the point of 
attachment of round ligament about 2 cm m diameter (fig 9) The underlying 
spongiosa in the superior portion was exposed, irregular and fragmented On 
the outer circumference of the head there was more of the cartilage that could 
be seen Only a narrow strip of fibrous tissue, the remains of the round liga- 
ment, was found attached at the fovea The fracture surface was free from 
adhesion It was lined by hard, bony trabeculae, which stood out prominently 



Fig 8 (case 3) — Roentgenogram of the hip showing almost no reduction of 
density of the femoral head, but marked atrophy of disuse of the distal fragment 
and^the pelvis 

On sawing, the head cut with normal resistance The cut surface showed a 
large triangular area devoid of cartilage and subchondral bone in the region of 
the attachment of the ligamentum teres (fig 10) Extensive and more marked 
gross destruction and disorganizat’on of the cartilage and underlying spongiosa 
were seen at one of the osteochondral junctions In the spongiosa, columns of 
grarish, soft tissue ran from the articular surface toward the fracture line 

Mictoscopte Appeal ance — The entire remaining articular cartilage was necrotic 
and uas much thinned at its margins and along the anterior surface The rem- 
nants of the cartilage showed empty cartilage spaces and marked calcification m the 
deeper lajer While this remaining cartilage was intact along one region of the 
osteochondral junction, it was detached and fragmented m another with invasion 
b\ fibrous tissue The triangular defect at the superior surface showed also a 
disappearance of a part of the underhing spongiosa The sides and apex of this 
defect were made up of necrotic fragments of bony lamellae hing in a matnx of 
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dense, practically acellular and avascular fibrous connective tissue similar to that 
which made up the soft, grayish columns extendins: from the articular surface 
to the fracture surface of the head Signs of absorption of bone and formation of 
new bone were nowhere to be seen m this region The detachment, marked destruc- 



Fig 10 (case 3) — Photomicrograph of a section showing de ect m 
and from injury during removal (a), region of marked j colun”' 

and bone (b), necrotic but intact cartilage and underhung bone (cj a 


of ln^admg fibrous tissue in the spongiosa (d) 


tion and fragmentation of the articular cartilage and the Higl'l' 

m one portion of the specimen gave a picture of marked traumatic ard 

\ascular connectne tissue iniaded this area, throughout wuci 
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fattj marrow a small amount of new bone and active absorption of old 
and necrotic bom lamellae ivere encountered (fig 11) At about the osteo- 
chondral junction, invasion of the calcified laj^er of the cartilage by the underlying 
fibrous marrow with formation of newr bone was taking place In betw'een the 
columns of dense, scarhke connective tissue, the marrow^ w'as degenerated and 
contained numerous large, empty spaces In the deeper levels, one encountered 
scattered areas of calcification 

Summary — Summarizing the case, one has 

1 Intracapsular fracture of the femoral neck wuth separation of the frag- 
ments 



Fig 11 (case 3) — Section of a necrotic bom trabecula show'ing newl 3 formed 
bone about it (a) and vascular and cellular marrow (&) Reduced from a mag- 
nification of X 160 


2 Roentgenogram disclosing dense head with atrophj of the innominate bone 
and distal fragment of the femur 

3 Marked absorption of the neck 

4 Totally necrotic femoral head 

5 Invasion from the round ligament of about one-half of the necrotic head, 
bi \ascularized connectue tissue which remained fibrous in its peripheral pc 

and differentiated into bone marrow in its older central portions Frag 
of the cartilage and bone m the upper or traumatized portion of the ' 
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6 Active absorption of necrotic bone and formation of a small amount of new 
bone m the region invaded by young vascularized connective tissue 

7 Areas of calcification near the fracture surface 

CASE 4 (NECROTIC HEAD) 

Case 4 is cited to show that although the hgamentiini teies is piesent 
the head may undergo necrosis after its separation from the distal frag- 
ment and may fail to be secondarily vascularized by it In such 
instances, when the neck is necrotic and eroded, nonunion in spite of 
good apposition of the fragments may occur Secondary degenerative 
changes appear m the head 



of die 

Fig 12 (case 4) — Roentgenogram of the hip, showing absorptio” 

ture a year after closed reduction of the fragments Note t e ma 
of the neck and the dense head with a small area of rarefaction a 

The patient, a woman, aged 48, one year before examination fe 
hip and subsequently began to have pain and marked limitation o ^ 
hip Two days after the accident, she started to walk agam ^ mtra 

the hip The roentgenogram taken two weeks later s lowe 
capsular fracture of the neck of the femur with ° tempted 

With the patient under ether anesthesia, a closed cast "‘’>5 

months of immobilization in a plaster of pans spica o ow e 
remored, and the patient was allowed to walk with crutc ies iragn’<^''^' 

of slight pain m the right hip Roentgen examination siowe 
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were m a iairly good position, but ne’vertbeless nonunion had resulted (fig 12) 
The head cast an almost normal shadow as contrasted with the marked diffuse 
decrease in density and marked absorption of the neck of the femur A Whitman 
reconstruction operation was performed At operation, the fragments were found 
in good apposition, and in removal of the head a narrow ligamentum teres had 
to be cut 

Maci oscopic Appeal ance of the Erased Head — The head had a fairly normal 
spherical contour, except for slight flattening at the superior surface about the 
fovea (fig 13 A) This region was marked by a loss of cartilage and underlying 
spongiosa, causing an erosion about 1 cm in diameter The articular cartilage 
was clear, whitish and glistening and was slightly undermined about the erosion 
The ligamentum teres was made up of a narrow strip of fibrous tissue which 
easily tore out from its attachment to the head Areas containing hard spicules 
of bone were found along the irregular fracture surface The neck portion of 
the distal fragment was slightly absorbed, and the interior was occupied by dark, 
soft, granular marrow containing numerous small pieces of bone 

The femoral head cut with normal resistance The articular cartilage was 
intact, except at the region of the fovea, where it was eroded (fig 13 5) The 


^ ^ I ^ ^ Sj 1 1 ^ j ^ 1 1 1 1 1 7 I j|^'[|[' hi' 



Fig 13 (case 4) — A, photograph of half of the femoral head Note remains 
of the ligamentum teres (a) and an area of erosion in the articular cartilage and 
the underlying spongiosa {b) B, cut surface of the femoral head, showing the 
area of erosion (a) 

remaining cartilage was adherent to the subchondral bone and varied in thickness 
from 1 to 3 5 mm The spongiosa had a uniform yellowish, granular appearance 
Mtci oscopic Appeal ance — The head was necrotic In the region of the fovea, 
an area of the cartilage, I cm in diameter, was eroded, exposing the underlying 
bony lamellae, which were necrotic and fragmented A narrow band of fairly 
vascular connective tissue, presumably extending from the fovea, was seen along 
the joint surface of the articular cartilage (fig 14) This band, however, had 
not invaded the spongiosa Although the remaining cartilage i\as adherent to the 
subchondral bone it was necrotic, showed absence of cells and was thin immedi- 
ateh about the erosion This thinning was due to erosion of the superficial lajer 
bj pamius-hke connective tissue from the fovea, and to absorption of the deep 
calcified laier as a result of invasion bj the subchondral marrow This latter 
process undermined the cartilage in places and lifted it up from the underlying 
subchondral bone The bony lamellae e%ervwhere were necrotic, and lay in a 
matrix of degenerated marro%\ containing red blood cells and numerous 
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empty spaces No signs of absorption of the necrotic bone or formation of new 
bone could be seen in the spongiosa 

Also of interest were the changes in the neck portion of the distal fragment The\ 
presented a picture of necrosis and absorption The cancellous spaces were mark- 
edly dilated This dilatation was especially marked about the fracture surface, 
where the spaces contained a decided increase in fat with a comparatively small 
amount of lymphoid and fibrous tissue Embedded in this marrow were small 
thm-walled blood vessels which had few red blood cells m the lumen The bonv 
lamellae in this region were necrotic and markedly diminished in size and number 
Along the fracture surface, these were reduced to such a degree that only occa- 
sional pieces of bone were encountered An active absorptive process was going 
on along the periphery of the neck bordering the fracture surface Here one 



Fig 14 (case 4) — Section of the articular surface showing vascular 
tissue extending from the fovea (a), cartilage erosion (b) and necrotic 
trabecula (c) Reduced from a magnification of X SO 


encountered spaces filled by young lasculanzed connectne tissue 
numerous multinucleated giant cells, red blood cells and a few inonoci tes^^^^ 
these were present there was active and extensive lacunar absorption o ^ 

No formation of new bone was seen along the fracture surface ur j. 

the neck, this merged into a region that presented a picture of the 

Well staining bone cells still persisted around the haversian cana s, a^^^^ 
compact portion of the bone or the region of the intermediate lame ae r 
b\ their absence leaving dilated and empty lacunae 

Suiiiinaiy — The case may be summarized as follows „oiiuni5’ 

1 Earh reposition of the fragments, wdiich nei'ertlieless resulted 
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2 Noimal density ot the head as shown by the roentgenogram with erosion 
of the neck 

3 Totally necrotic femoral head with fadnre of vascularization from the liga- 
mentum teres 

4 Erosion of the articular cartilage about the fovea with destruction and 
fragmentation of the underlying bony lamellae 

5 Failure of absorption of bone, and of formation of new bone in the spongiosa 

6 Erosion and necrosis of the neck portion of the distal fragment 

COMMENT ON CASES OF NONUNION IN WHICH HEAD BECAME 

NECROTIC 

As ma) be noted from the descriptions of the specimens, all the 
femoral heads became necrotic after the fractme The hgamentum 
teies was found intact in every instance and showed varying degrees 
of development Except in case 4, proliferating connective tissue pio- 
ceedmg from the region of the fovea was seen invading the articular 
cartilage and spongiosa of the head These changes show that although 
the round ligament is present, a separated femoral head, owing to insuf- 
ficient nourishment, may undergo neciosis after complete intiacapsular 
fracture of the neck of the femur , and that secondary vascularization of 
the head from it may oi may not occui On the other hand, the round 
ligament may be well developed and its vessels may penetrate even the 
deeper layers of the spongiosa, as in cases 1 and 2 or young proliferat- 
ing connective tissue ma\ gam enhance either through the fovea (Bonn) 
or through adhesions along the suiface of the eroded neck or articulai 
cartilage, as in case 3, and invade the spongiosa Consequently, vary- 
ing degiees of secondary vascularization and organization of the head 
occur In cases in which this vascularization is marked and extensive, 
an organization or replacement of the necrotic head and efficient noui- 
ishment of the greater part of the head allowing active formation of 
new bone may result This is well illustrated by cases 1 and 2, in 
which a transfoimation and partial oiganization of two thirds and one 
half of the heads, respectively, occurred after the injury The activitj" 
of such revascularization varies greatly in diffeient cases In case 1, a 
transformation of the neciotic marrow and to a ^el^ slight extent of the 
neciotic bone of neaily two thirds of the head occurred within a 
period of two months, in case 2 similai organization of one half ot 
the head had resulted by the end of sixteen months Hess previoush 
showed that the hgamentum teres frequentl} contains large arteries 
that penetiate into the spongiosa of the head until late in life These 
vessels maj so proliferate as not only to organize and preserve con- 
siderable parts of the femoral head but also to permit an actue regen- 
eration of bone The bone apparently forms by metaplasia of the ini ad- 
ing fibroblasts or angioblasts as ad\ocated by Petrow' and Baschkirzew 
for the replacement of the necrotic bone in a transplant How^ever some 
ol it ina\ come from osteoblasts suriumg about the foiea 
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Necrosis of the femoral head following complete mtiacapsular frac- 
ture of the neck of the femui has been known since the time of Sir 
Astley Cooper, nearly one hundred years ago In 1896, Kochei and 
more recently Axhausen and Bonn expiessed the opinion that every 
subcapital fracture of the neck lesults in necrosis of the head 

The possibility of secondaiy vasculaiization of a neciotic head was 
less well known until the recent studies of several investigators, promi- 
nent among whom were Schmorl,^ Hesse and Bonn It was from 
the woik of these observers that secondary vascularization of the 
necrotic head became recognized The fiist two authors believed that 
the ligamentum teres itself proliferates and causes the revascularization 
of the head They observed it to be so well developed even in advanced 
age that not only a revasculization and replacement of considerable 
portion of the neciotic head but also an active legeneration of bone and 
some callus formation often occurs Bonn, however, after studying 
several preparations of femoial heads following intracapsular fracture 
of the neck of the femur, stated that the ligamentum teres is important 
for the nutrition or revascularization of the head only in that it serves 
as the portal of entry for proliferating connective tissue to penetrate 
and invade the spongiosa and replace the necrotic head 

Necrosis of the head, partial oi complete, predisposes to secondary 
transformative changes in it This is a common occurrence m necrotic 
structures as in free bone and cartilage transplants, which appear to 


have markedly reduced resistance to any kind of injury and invasion 
by fibrous connective tissue If the necrotic head fails to be secondarily 
vascularized from the ligamentum teies, simple destruction and frag- 
mentation of the articular cartilage and the underlying bony lamellae 


occur in the traumatized region This structural disorganization is 
seen more in the region that received the greatest amount of injur\ 
If an active invasion of the head by a pannus-hke connective tissue 
extending from the ligamentum teres occurs, theie is apt to be an earl} 
erosion with replacement of the cartilage and bone about the forea 
This erosion serves subsequently as the portal of entry into the spongiosa 
for proliferating connective tissue The deep layer of the remaining 
articular cartilage is then attacked and gradually absorbed from 
interior by the subchondral fibrous marrow with or without formatioi 


12 Kocher, T Beitrage zur Kenntnis einiger praktisch wichtiger ^ 

formen, Basel und Leipzig, Forms Hfts 10, 11 and 12, 3 R, of Mitt a 

med Inst d Schweiz, 1895-1896, p 585 Sclienkal- 

13 Axhausen, G Die Nekrose des proximalen Bruchstuchs eim 
halsbruch und ihre Bedeutung fur das Huftgelenk, Arch f klin 

14 Bonn, R Zur Frage der knochernen Heilung subkapitaler Sclienke 

halsfrakturen. Arch f khn Chir 134 270, 1925 ituren 

15 Hesse, F Zur pathologischen Anatomie der Schenkelha s ra 

f khn Chir 134 141, 1925 



SANTOS—CHAMGES IN HEAD OF FEMUR 


487 


of new bone in the cartilage lajer Even an activel}' revasculanzed and 
considerably organized necrotic head undergoes secondary degener- 
ative changes following traumatism, as from rubbing together of frag- 
ment ends and invasion by proliferating connectne tissue 

In case of nonunion the head has relatively little stress thronn upon 
it as It participates but little in weight-bearing However, there may be 
enough pressure against it from the distal fragment to erode the neck 
and to break down bony trabeculae and necrotic cartilage at the point of 
greatest pi essure against acetabulatum The very slow rate of absorption 
of necrotic portions and replacement by new bone results from this dis- 
use Hence the dead head may cast a heavier shadow thari the surround- 
ing bone for two or three years before it is transformed Functional 
stimulation is essential for rapid revasculaiization absorption and trans- 
formation when the conditions for the invasion of blood vessels aie 
favorable Its influence will be shown later in cases reported in which 
bony union occurred m the presence of a necrotic head and transforma- 
tion took place more rapidl} 

CASE S (LIVE HEAD) 

A femoral head, however, which becomes completely separated after 
an intracapsular fracture of the neck of the femur may, instead of 
becoming necrotic, be preserved and kept alive by an adequate nourish- 
ment from the vessels of the ligamentum teres Case 5 is cited to indi- 
cate that the separated head may remain alive and be adequately 
nourished by the vessels of the ligamentum teres and, when the fracture 
IS recent, it may show only slight atrophy subsequent to the loss of func- 
tion Gross destruction of the cartilage and bone generally fails to 
occur, although beginning invasion and replacement of the deeper la} er 
of the articular cartilage at its superior portion by the subchondral fatty 
marrow may be encountered 

The patient was a man aged 60 Sixteen months before the examination, he 
vas struck on the right thigh by the fender of an automobile He had pain and 
loss of function of the hip and remained in bed for thirty-three days at ivhich 
time a roentgenogram was taken which was reported to show nonunion of a 
fracture of the neck of the femur Reduction with the patient under ether anes- 
thesia ivas performed, and the leg was kept immobilized wuth weight extension for 
ten weeks He w'as then allow'ed to be up and about on crutches Another roent- 
genogram was taken on the dav of admission, and this showed nonunion 
and erosion of neck fragments The head revealed a slight diffuse decrease m 
densitj (fig 15) A Whitman reconstruction operation was performed At opera- 
tion, the ligamentum teres was found intact There was a caritv between the 
fragment ends and adhesions between the margins of the head fragment and the 
surrounding capsule 

Macroscopic Appcaiancc of the Excised Head — The head showed a normal 
spherical contour (fig 16) The articular cartilage was intact and showed no 
loss of substance It was smooth, dear, sellowish and glistening A small liga- 
mentum teres was found attached at the lorea The fracture surface was irregu- 
lar and co^ered In a fibrous la\er beneath which was a newh lormed lajer of 
bone 
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The head cut with decreased resistance The cut surface revealed an intact 
articular cartilage which varied from 3 to 5 mm m thickness The spongiosa 
uas increased in amount and had a uniform 3 ^ellowish, trabeculated appearance 
yiici oscopic Appeal ancc — From a general sur\ey of the head it was found 
to be alive The articular cartilage was normal, except for slight calcification 



Fig 15 (case 5) — Roentgenogram showing a diffuse decrease in density of tlie 
head of the right femur 



Fig 16 (case 5) — ^Appearance of the femoral head showing norma 
and intact articular cartilage 

of the deep laj'er and the presence of a thin la\er of perichondral fi 

along its joint surface about the fovea The cartilage cells " ^rticu'n'' 

stained well At the superior surface about the region of the foiea 
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cartilage ^^as invaded from the interior bj the subchondral fath marrow, forming 
marrow caMties and ^ascular spaces m the cartilage (fig 17) With the 
encroachment of the subchondral marrowy there was a simultaneous replacement 
and thinning of the articular cartilage in this region These chondral marrow 
cavities contained fat cells, blood \essels, red blood cells, few monocjtes and 
multmucleated giant cells Strips of newdj' formed lamellar bone could be found 
partialh lining these carities Although the bonj trabeculae showed considerable 
diminution m number and size, the 3 ’^ still retained normal-appearing bone cells (fig 
18) These lamellae lav in a matrix of markedlj fattr marrow^ containing a few^ 
blood ressels, red blood cells and monocrtes Onh in a small region at the fracture 
surface did this fattv marrow merge into a limited zone of slighth rascular 
connectne tissue Embedded in this tissue was a small amount of newh formed 



Fig 17 (case 5) — Imasion of cartilage b\ the subchondral fattj marrow and 
^ascular spaces, showing multmucleated giant cells (o) and newh formed lamellar 
bone (6) Reduced from a magnification of X 80 


bone surrounded b\ mam osteoblasts Despite the presence of this rasculanzed 
connectne tissue, no eiidence of absorption of bone was seen in the proximal 
fragment \ sMiorial coiering was present o\er a portion of the tracture surface 
bordering on the caMU 

Sitiiiiiiaj \ — The case ma^ be summarized as follows 

1 Xouumon of tracture of the neck with erosion of the fragments of sixteen 
months duration Diffuse decrease in densit\ of the head 

2 Lning although atrophied head fragment with slight formation of new 
bone at one end oi the iracture surface 

3 Intact hgamcntum teres 
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4 Invasion and leplacement of the slightly calcified deeper layer of the superior 
portion of the articular cartilage by the subchondral marrow, with formation of 
narrow st’-ips of new lamellar bone about the marrow cavities thus formed 

CASE 6 (LIVE HEAD) 

Case 6 indicates the maiked atrophic change that a separated but 
live head of the femur may undergo after four years A marked 
replacement and thinning of the superior poition of the articular car- 
tilage due to invasion by the subchondral manow are noted 

The patient, a woman, aged 58, four years before examination fell on her left 
hip Subsequently, the hip became so painful that weight bearing and movement 



Fig 18 (case 5) — Section of the spongiosa showing living bone trabecu a 
dilated fatty marrow cavity (b) and blood vessels (c) Reduced from a magm 
cation of X 160 


were impossible A closed reduction with the patient under ether 
performed four days after the injury Nine months of immobilization in a 
of pans cast followed, without improvement Treatment was finally 
from then until the time of the operation the patient used crutches ^°*fracturi- 
gram of the hip at the time of examination showed an old intracapsu ar^^^j 
of the neck of the femur with complete erosion of the fragments o 
(fig 19) The head revealed considerable diffuse decrease in densitj gjnentiim 
reconstruction operation was performed, and the head with an intact 
teres was found in the acetabular cavity The neck wms complete v 
the end of each fragment w'as bordered by a thin cortex of new" one 
covered bj a thin fibrous laver from w'hich sprang adhesions run 
capsule at its upper limit 
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Macioscopic Appeal ancc of the Excised Elcad— The articular cartilage 
appeared \\hitish, clear and shin 3 '^ without any irregularity, except at the fo^ea, 
where a small tag of fibrous tissue, presumably a part of the round ligament, ^\as 
found attached (fig 20) There ^^as a slight thinning of the superior surface 
of the cartilage over an area 2 cm in diameter The underl 3 ing spongiosa was 
distmctb"^ visible through this thin, bluish articular cartilage 

The specimen cut easily and was abnormalb soft, except at the eroded neck sur- 
face, wdiere it had normal bony resistance (fig 21) The cut surface re\ealed 
an articular cartilage that laried from 05 to 5 mm in thickness Throughout 



Fig 19 (case 6) — Roentgenogram of the hip showing a diffuse reduction in 
density of the head with large circumscribed and markedly rarefied areas scat- 
tered in It 

the whole circumference, the articular cartilage w'as intact and adherent to the 
underlying narrow' strip of subchondral bone In the outer portion of the spongi- 
osa corresponding to the areas of markedly reduced density in the roentgenogram 
were areas made up of brownish, broken-dowm fatty tissue of putt 3 -Iike con- 
sistency Embedded in these areas w'ere small, fine fragments of bone 

Micioscopic Appeal ance— The articular cartilage as a whole was intact 
although slightly thinned over the superior surface (fig 22) Onb' a lew 
of the cartilage cells were missing, and in their lacunae, small, dark bodies 
remains of the cartilage cells, w'ere still seen More normal cartilage cells were 
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encountered around the fovea The thinning of the articular cartilage in the 
superior portion of the head appeared to be due partly to replacement of the 
superficial layer b> the pericondral fibrous tissue, and to a greater extent to 
the inxasion of the articular cartilage from the subchondral fatty marrow and vas- 
cular spaces, with the formation of huge and well defined cavities in it These 
spaces contained fat, blood vessels and a few multinucleated giant cells , and were 






Fig 20 (case 6) — Appearance of the femoral head showing smooth, whitish 
articular cartilage (a), thin, bluish cartilage (b) and ligamentum teres (c) 



Fig 21 (case 6) — Photomicrograph of a section of the femoral head sho 
marked loss of the bony trabeculae and absorption in articular cartilage 

partiallj lined bv narrow strips of newly formed bone Islands of 
hyaline cartilage were seen about these chondral marrow cavities (fig 
appeared to arise from the deeper laver of the perichondrium and or 

newly formed lamellar bone m places The cartilage cells were foun 
in twos enclosed bv a capsule and separated bj a bluish homogeneous ma 
a whole, the thin laver of subchondral bone at the osteochondra m 
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preserved and appeared normal, so that, though markedl> thinned out, the articular 
cartilage remained intact and attached to the spongiosa At the fo\ea, remnants 
of the round ligament with a few slightlj dilated blood ^essels were seen A 
small amount of osteoid tissue vas laid down about some of the bony trabeculae 
near the vessels in this region The brownish, granular material that nearlj filled 
the spongiosa was made up of fat, poorl}’' cellular marrow' infiltrated with thin- 
w ailed blood vessels and a few monocjtes Embedded in this marrow were 
occasional small fragments of bonj lamellae which showed w'ell staining nuclei 
This eMdentlj' was the picture of high grade atrophj 

Suvimary — Summarizing the case, one finds 

1 Four jears old intracapsular fracture of the neck of the femur with erosion 
of the neck fragments 

2 Roentgenogram showing marked diffuse decrease in density of the head 
as well as of the peUis and shaft 



Fig 22 (case 6) — Section ot the superior portion of the articular cartilage 
imaded bj the subchondral marrow and vascular spaces, X 60 

3 LiMng but markedlj atrophied head with slight formation of osteoid tissue 
about the fovea 

4 Presence of the ligamentum teres containing blood %essels 

5 jMarked thinning of the superior portion of the articular cartilage due 
parth to replacement b> perichondral fibrous tissue and parth to in\asion bj the 
subchondral marrow and vascular spaces 

6 Formation of islands of new h\ aline cartilage and lamellar bone in place 
of the old articular cartilage 

CA.SE 7 (PARTIALLY AECROTIC HEAD) 

Case 7 is cited to show that a part of the head ma} remain aln e and 
that the weight bearing portion of surMMng articular cartilage of a 
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scA erel> atrophic femoral head ma)'- be so thinned out by iiwasion and 
replacement from the subchondial fatty maiiow that actual honey- 
combing of the articulai cartilage occurs The area becomes filled with 
marrou tissue m Avhich strips of lamellai bone sunnounted by new 
articulai cartilage is later formed 

A woman, 52 years of age, three years before examination fell on her left hip 
and felt something gi\e way On attempting to rise, she found the left lower 



Fig 23 (case 6) — Section of newly formed surface showing pcricion r^^^^ 
(a), newlv formed hyaline cartilage (b), new lamellar bone (c), vascular sp< 
(d) and remnant of the calcified portion of the old articular cartilao 
Reduced from a magnification of X 160 


limb useless and markedly painful She was told that she had a 
neck of the left femur and was taken to a hospital, where the leg was 
and traction applied for fire weeks At the end of this period, she p) 

to go about with crutches although she could hardh bear weight on 
account of pain A roentgenogram of the left hip taken on the dar o ex< 
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revealed an old ununited intracapsular fiacture of the neck of the left femur 
with separation of the fragments and absorption and erosion of the neck (fig 24) 
The head, which was found to be m the acetabulum, showed a marked diffuse 
decrease m density, except for a small region in its superior portion, which 
revealed almost no reduction in densit} There was an irregular area of increased 
density in the central portion of the infratrochanteric portion of the shaft, the 
cause of which was not known 

A Whitman reconstruction operation was performed three days after the 
examination At operation, the neck fragments were found eroded away and the 
greater trochanter displaced upward to the level of the superior acetabular margin 
The head was markedly adherent to the acetabulum by means of thick fibrous tissue 
which was attached to the fracture surface In removing the head, the fibrous 
adhesions and the ligamentum teres, which could hardly be identified, had to be cut 

Macroscopic Appeaiancc of the Erased Head — The femoral head showed 
an almost normal spherical shape, except for a large depression at the superior 



Fig 24 (case 7) — Roentgenogram of the hips Note the markedly diffuse 
decrease in density of the head of the left femur with a small dense area at its 
superior portion and the calcification at the upper third of the femoral shaft 

surface about the fovea (fig 25^) This depression was due to a loss of the 
articular cartilage and of the underlying spongiosa It measured 2 5 cm in 
diameter and 1 5 cm in depth A mass of fat with a few minute pieces of bone 
lying loosely in it was seen occupying this region The articular cartilage about 
the defect was thin It was made up of irregular and discrete areas of glistening, 
bluish cartilage, which extended to the outer circumference of the head, where 
they merged into the clear, whistish, shiny articular cartilage There was a dense 
unchanged island of bone 1 by OS cm along the superior articular surface as 
shown in figure 25B The fracture surface of the head showed a laj'er of thick 
fibrous tissue, which was adherent to it, while that of the lower fragment was 
covered by dark red, granular tissue in which small fragments of loose bone were 
embedded 

On being sau ed, the head was found abnormally soft iii places which cut with 
marked ease The cut surface presented an articular cartilage that varied m thick- 
ness from 0 5 to 4 mm , and it also showed the erosion in the articular cartilage at 
the superior surface of the head The center of the spongiosa was occupied by 
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fat in which Ia> small pieces of bone Only about the fracture surface and at 
the osteochondral junctions did the masses of fat merge into the fine, fibrillar}, 
whitish spongiosa, which appeared normal Ordinary hematoxylin and eosin 
stains were made, as well as the scharlach R stain for fat 

Mici oscoptc Appemance — As a whole, the head was alive and presented a 
picture of severe atrophy In spite of marked thinning, the articular cartilage 
was continuous and adherent to the underlying narrow strip of subchondral bone, 
except at the superior portion about the fovea, where the head showed a marked 
loss of substance in both articular cartilage and spongiosa In general, the 
cartilage cells were present and well stained The articular cartilage about one 
of the osteochondral junctions had been completely replaced by fibrocartilage 
Slight calcifications of the deeper layer of the rest of the articular cartilage 
could be noted As in the other femoral heads that remained alive but became 
atrophic after the fracture, there was an outstanding change in the articular car- 
tilage, which was present in a greater degree This change started at the superior 



Fig 25 (case 7) — A, photograph of the excised head, and B, roentgenogram 
a slice of the head showing atrophic living portion and small dense necrotic portion 
along superior articular cortex (1) 


portion of the articular cartilage which was in contact with the acetabu uni, 
consisted in an invasion by the subchondral fatty marrow and vascular 
w'hich resulted m the formation of marrow cavities in the cartilage lajer (. S ^ 
With the pi ogress of the atrophy as in this case, and the subsequent ^ 

the subchondral marrow cavities, there was also a corresponding enlargeni 
these chondral marrow spaces The cavities contained fat, a few 
monocytes, osteoblasts and occasional multinucleated giant cells 
extended from the superior portion of the articular cartilage dow ^ ^ it 

outer circumference of the head, replacing and dissecting the carti age ^ 

advanced into distinct and fairly separated layers Along the ot 

intrachondral spaces, strips of newly formed lamellar bone were seen ’ 
this larer of new bone which overlay these spaces spread out 
the enlargement of the latter, and assumed the general appearance o su^^ 
bone In places, small newh formed bonv projections which were ^ - 

marginal lamellar bone of the chondral marrow cavities, w'ere seen as u 
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from the newly formed subchondral bone Embedded in a matrix of fatty marrow 
and projecting down from the subchondral bone, these parts of the marginal bony 
lamellae became new bony trabeculae The superficial layer of the old and split 
articular cartilage soon disappeared and became replaced bj a more or less dense 
fibrous tissue which was slightly vascular, and which subsequentlj overlay the newly 
formed subchondral bone Along their junction, d.stinct calcificaticii of the deeper 
layer of the fibrous tissue was noted In this region, the fibrous tissue assumed an 
embryonal appearance and, m places, gave rise to islands of newly formed cartilage 



Fig 26 (case 7) — Section of the superior portion of the articular cartilage 
show ing invasion by the subchondral marrow and vascular spaces with replacement 
of the old cartilage and formation of new cartilage and lamellar bone Reduced 
from a magnification of X 160 

cells bing in a bluish, homogeneous matrix These islands of new cartilage cells 
occupied the sites of the thin, bluish cartilage nodules about the erosion as seen 
in the gross specimen It \vas therefore evident that throughout this area an 
active reparative process was taking place And this consisted in the formation 
ot a new' laj'er of articular cartilage with a slightly calcified deeper portion, sur- 
mounting new'b formed subchondral bone and spongiosa in the region of the old 
articular cartilage Tins histologic appearance makes it hkeh that a refilling and 
disappearance of the erosion in an atrophic head occurs b\ a complete reformation 
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sooner or later, of the cartilagmous and osseous elements of the femoral head 
Tins IS Hell illustrated by the case reported by Heme, as will be briefly described 
later 

The spong> portion of the head was made up of markedly dilated marrow spaces 
filled with fat, a few blood vessels and occasional monocytes Its bony trabeculae 
ever> where showed well staining bone cells The dense island along the superior 
articular cortex consisted of necrotic bone with its original trabeculae and bony 
cortex unaltered It was bordered by fibrous tissue along its deep surface which 
was producing slight absorption of the dead trabeculae Along the cortex it 
was surmounted by a necrotic and markedly calcified articular cartilage which 
showed superficial erosion and replacement by fibrous tissue This small area 
presented a picture of necrosis without substitution as contrasted with the marked 
atrophy which the living portion of the head had undergone At the center of the 
living portion the trabeculae were represented only by a few small detached frag- 
ments of living bone At the osteochondral junctions and along the fracture sur- 
face, however, the bony lamellae showed a slight increase in size and number A 
thick layer of fibrous tissue was found attached to the eroded fracture surface of 
the head, and a cortex of newly formed bone surrounded by osteoblasts and slightlv 
fibrous and vascular marrow was seen along its whole extent One must consider 
the possibility of complete necrosis of the head with creeping substitution of all 
except the dense area in the upper portion, but partial necrosis seems the more 
plausible explanation 

The distal fragment, the upper spur of which was clipped off, also showed a 


picture of marked erosion, necrosis and absorption The cancellous spaces, espe- 
cially those about the fracture surface, were hugely dilated and contained slightlj 
loose and vascular connective tissue which was infiltrated with fat, degenerated red 
blood cells and occasional small and necrotic fragments of bone On being traced 
laterally, the spaces soon showed rich collections of multinucleated giant cells 
(osteoclasts) which had markedly absorbed and reduced the necrotic cortex to a 
thin layer of bone No evidence of new bone formation was seen Further down 
the neck, however, a few well staining bone cells could still be discerned about t e 
haversian canals, thus giving a picture of partial necrosis as seen in areas vi 


diminished blood supply 


Sumviaiy — The case may be briefly summarized 

1 Three years old intracapsular fracture of the neck ot the femur vd 
erosion and separation of the neck fragments 

2 Roentgenograms showing a marked decrease in density of the fragments "i 
absorption and erosion of the neck 

3 Largely living and severely atrophic femoral head with a necrotic area 

bone and cartilage at the superior portion , 

4 Presence of the ligamentum teres and of adhesions to the eroded neck sur 

5 Invasion of the articular cartilage by the subchondral fatty marrow 
erosion and loss of substance of the head at its superior portion 

6 Active formation of new articular cartilage and bone about the site o 


erosion 

7 Necrosis with active absorptive process in the femoral neck 
COMMEXT ON CASES IN WHICH HEAD FRAGMENT REMAINED 

It IS cleat from cases 5 6 and 7 that, after a femoral head 
separated from the distal fragment following an intracapsuar 
of the neck of the femur it may still be preserved and its Mts ' 
tamed bt adequate nutrition from the vessels of the roun 
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This was further unequivocally shown in the recent studies and investi- 
gations of Frangenheim,® Schmoil ^ and Hesse Schmorl, for instance, 
found that in only one of thirty-four such cases was there a total 
necrosis of the femoral head He cited a case in a young man in which, 
m spite of the complete destruction of the capsule around the femoral 
neck, the whole head was sufficient!)’’ nourished by the vessels of the 
hgamentum teres to prevent necrosis Even in old age, these vessels 
may continue to supply the femoral head adequately Nussbaum 
showed this in a person 64 years of age Heie he also found an 
extensive anastomosis between the arteries of the hgamentum teres and 
those of the femoral neck Frangenheim showed, m a man 85 years of 
age, large vessels in the round ligament uhich furnished sufficient 
nourishment to preserve the femoral head 

From the descriptions of the specimens (cases 5, 6 and 7), it may be 
noted that the head, except in case 7, m which a small necrotic area 
was present, had remained alive, as shown b) the presence of h\ing 
cartilage cells in the articular cartilage and normal-staining bone cells 
in all the lamellar systems of the spongiosa This fact more than 
suggests the presence of sufficient circulation and nutrition from 
the blood vessels of the hgamentum teres But, owing to the 
separation of the fragments and subsequent throning of the head out 
of function, the latter undergoes an atrophic change, nhich consists 
of a diminution m the number and size of the bony trabeculae, and a 
dilatation of the marrow cavities which become filled with fatty marrow 
The degree of atrophic change bears a direct relation to the duration 
of the functional loss As a rule, traumatic influence on such living 
structures is not as readily productive of damage as m a necrotic head 
This, in part, explains the absence of gross erosions of the cartilage and 
bone m the first two cases Such erosions are altogether absent in a 
less atrophic head, as in early cases Even early in the process, certain 
histologic changes invoking the articular cartilage and starting at its 
superior portion where the femoral head is in contact with the acetabular 
wall can be well recognized These consist in an invasion of the 
deeper layer of the cartilage by the subchondral fatty marrow and 
vascular spaces, presenting a picture of marrow cavities in the cartilage 
layer These medullary spaces contain fatty and slightly fibrous mar- 
row, mixed with lymphoid structures, red blood cells, osteoblasts and 
a few large multi nucleated giant cells, which are seen to proceed from 
the subchondral region A similar process is frequently encountered at 
the osteochondral junction, but for which no definite explanation has 
been given judging from the preA ailing and conflicting views Impor- 
tance has been attached to this process by Pommer^® vho thought it 

16 Pommer, G Zur Kenntnis der Ausheilungsbefunde bei A.rthntis defor- 
mans besonders im Bereich :hrer Knorpelusuren nebst emem Beitrag zur Lacu- 
naren Knorpelresorption, Vircbous Arch f path Anat 219 261, 1915 
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to be a chaiactenstic change in the early stage of genuine aithntis 
deformans Recentl}, however, after an examination of 15 000 joints, 
Heine came to the conclusion that it is not specific foi arthritis 
defoimans, as it is also commonly seen in physiologic resorptue 
processes 

It must be admitted that such a process m the articulai cartilage 
accompanies atroph}^ of the head, and this naturally raises the ques- 
tion whether, like the bone, caitilage with its secondary invasion by the 
subchondral vascular spaces may also undeigo atiophy following disuse 
of the part Such an association is so constant and striking that a studv 
is being made as to its leal significance It may be looked on as both an 
absoiptive and a foimative change of the articulai caitilage which is 
associated with, and perhaps caused by, the ati oph}- Although oi dinanh 
trauma to a living but ati opine femoral head is not productive ot 
damage, neveitheless, where this ati opine change has advanced to a 
marked degree and the leplaceinent of the articular caitilage by the 
subchondial marrow is extensive slight injuiy, as the constant pres- 
sure against the acetabulum may cause destiuction or indentation 
ot the lemainmg, thin articulai cartilage at the superior suiface 
of the head Such a secondary absoiptue change in the head 
occurring mainly at the point of contact bears a certain similarity to the 
not infrequent pressure atroph} Kaufinann stated that under the 
influence of continuous pressure, even from a soft and elastic sub- 
stance, increased resoiption of bone both lacunar and smooth, occuis with 
resulting atrophy As an example may be mentioned the eiosion of bone 
by aneurysms, particularly those of the aorta, with disappearance of 
portions of the A^eitebrae, the ribs and the sternum 


The origin of the multmucleated giant cells and the role they assume 
in atrophy are still disputed questions Pommer thought that the\ 
were derived from the endothelial cells of the blood vessels With tie 
slowing of the blood flow and the rise of blood pressure because of t n 
lack of functional demand on the circulation, injury of the vessel 
from insufficient nutrition occurs which results subsequently ni 
formation of osteoclasts It may also be assumed that owing to genera 
ized atrophy the bone building cells become atrophic and consequw ^ 
their functional capacity^ becomes reduced This atrophy' then lea s 
a decrease m osteoblastic activity, and hence the normal relation 
bone formation and absorption is disturbed As a result of this ms 


17 Heme, I Ueber primare chronische Gelenkerkrankungen, 

orthop Chir 49 7, 1928 jgc^ 

18 Kaufmann E Spezielle pathologische Anatomie, Berlin, G eim 

\o] 1, p 830 . ffpreninl 

19 Pommer G Ueber Osteoporose ihren Ursprung unci ibre t 

diagnostische Bedeutung, Arch f klin Chir 136 1, 1925 
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cienc)^ of the osteoblasts and the presence of the multmucleated 
giant cells, replacement and absorption of the cartilage and bone occur 
Although the accuracy of this explanation is obviously open to criticism, 
nevertheless the histologic appearances more than suggest that the 
invasion with subsequent replacement of the articular cartilage by the 
subchondral marrov is parti} due to phagocytic activity 

^^hth the advance of the atrophic process in the spongiosa, a simul- 
taneous and progressive dilatation of these chondral cavities and per- 
haps increased activit} of the phagocytes appear at the expense of the 
cartilage The remaining articular cartilage overlying these marrow 
spaces may be reduced to a sheet so thin that actual breaks 
ma} be encountered (case 6) or definite erosions of the cartilage with 
replacement b} hone} comb-hke fatty marrow spaces and subsequent 
formation of new articular cartilage may be seen (case 7) If the 
atrophy advances even further numerous new lamellae of bone 
having a new cartilaginous articular surface replacing the whole 
of the old articular surface of the head may be encountered This is 
seen to start at the portion of articular cartilage which is in contact with 
the acetabulum and later extends along the outer circumference of the 
head (case 7) and leads to a complete reformation of its articular sur- 
face A case reported b} Heme is cited to serve as illustration 

The patient was a woman, 46 years of age, who sustained a complete intra- 
capsular fracture of the neck of the right femur w’lth a resulting pseudo-orthosis 
for five years A roentgenogram of the right hip showed separation of the frag- 
ments and a considerable diffuse decrease in the densit> of the head of the femur 
At autopsj, the head w'as found adherent to the acetabulum by the ligamentum 
teres w’lth thick fibrous tissue attached to the fracture surface On microscopic 
examination, the entire head w'as found well preser\ed in spite of the severe 
atrophy There was good staining of the cell nuclei everywhere, and no signs of 
necrosis could be detected In the region of contact between the head and the 
acetabulum, an entireb new articular surface had formed on both sides A new 
layer of bone having a new cartilage covering was found over the old articular 
cartilage about the region of the fovea Here, the old articular cartilage had com- 
plete!} disappeared in some areas and in its place a la}er of newly formed lamellar 
bone was seen The old articular cartilage near the fovea w^as honeycombed b} 
dilated medullar} cavities which showed intervening narrow walls of bluish- white 
hyaline cartilage These medullar} spaces were filled in part by fatt} marrow and 
in part b} a fibrous and lymphoid tissue which contained a number of multi- 
nucleated giant cells The cells of the old articular cartilage at the outer circum- 
ference of the head showed marked proliferation 

Although secondar} degenerative change in a separated and necrotic 
femoral head is the rule nevertheless in a separated head that remains 
alive follotving the fracture no such permanent change occurs The 

20 Heme, I Zur Kenntnis der Huftgelenk\eranderungen bei veralteten sub- 
kapitalen Schenkelhalsfrakturen, Zentralbl f Chir 51 1390, 1924 
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only change that occuis in the aiticulai caitilage of the living head is the 
encioachment on it of the subchondial fatty mairow A physiologic 
lesorpti-ve process commonly seen even in noimal joints, it 
invariably disappears rather promptly oi leadily leads to a retormatioii 
of the articulai surface Its disappearance is especially hastened on 
resumption of function of the part, and this is paiticularly true in the 
early cases in which no gross erosion of the articular cartilage has as 
yet taken place If, however, the atrophy of the head has advanced 
to a marked degree, as in cases of more than three years’ duration, 
with actual eiosion and with complete disappeaiance of the articulai 
cartilage and underlying spongiosa over its superior portion, a 
simultaneous formation of new articular cartilage and subchondral bone 
may result, with complete replacement of the old articular cartilage of the 
head Unlike the secondary degenerative, absorptive and piogressive 
change m a necrotic head, therefore, this change in a living head is 
transitory and reparative and ends in the formation of new articular 
cartilage and bony trabeculae 

There are also roentgenologic observations which aie impor- 
tant, but which have leceived no attention If the roentgenogram, 
however, is considered together with the pathologic changes taking 
place in the femoral head and neck, they will be found to agree Evcept 
in early cases, in which tissue changes in either the head or neck have not 
as yet occurred, the roentgenogram is of gieat significance in determin- 
ing the nutritional state of the head and neck of the femui The basic 
facts underlying the roentgenologic interpretation are as follows 
decrease in the density of a varying degree is always noted in the heads 
that remain alive but which become atrophic after the fracture A head, 
however, that becomes necrotic following the fractuie, retains its norma! 
density for a considerable time afterward When the necrotic head is 
subsequently revascularized, this is shown by a coi i esponding decrease 
and irregularity in density New bone fonuation in the secon arn 
vascularized regions is indicated by irregular, fine densities scattered m 
these areas A necrotic head that is secondai ily vasculai ized may a te 
a long time show as much reduction of density as an atrophic living ica 
But the former may usually be distinguished from the lattei by its pate ^ 
appearance and simultaneous marked absorption and distortion o n 
mal contour 


ot the 


REUNION OF THE FRAGMENTS 
When the fragments after a complete intracapsulai fracture o 
neck of the femur remain in good apposition oi are nnpac 
head wdiether alive or necrotic, may unite with the distal 
A fibrous or bonj consolidation may follow, depending on t le 
of the apposition of the fracture surfaces 
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C\Sh (M CKOTIC HIM)) 

A case ot twcntx-foiii da\s clination ma} be cited to indicate a 
necrotic head enltnng into hbrous union with the distal fragment A 
beginning ciosion with fibrous tissue replacement of the articular 
cartilage about the fo\ca was also noted \itliough the hgamentum 
teres was piesent theie was no sign of newh formed \essels or connec- 
tne tissue imading the head fiom it 



Fjg 27 (case 8) — Cut surface of the upper third of the femur removed at 
necrops} showing hgamentum teres (a), fracture line (t), area of impaction (c) 
and necrotic but intact articular cartilage (d) 

The patient was a man 80 \cars of age He slipped and fell on his left hip 
which resulted in disabilitj He was iminediatelj taken to a hospital A roent- 
genogram taken the next daj showed an impacted mtracapsular fracture of the 
neck of the left femur He was put to bed, where he remained until his death, 
twent 3 -four da3s after the injur\ The upper third of the femur w'as remo\ed 
at autopsy' 

Maaoscopic Appeal ance of the Specimen — The fresh cut surface of the 
specimen showed a transverse fracture of the proximal third of the neck of the 
femur with impaction of the fragments m the lateral third of the fracture line 
(fig 27) The periosteum of the neck was intact on the mesial side A portion of 
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the hgamentum teres was attached to the head The articular cartilage was smooth, 
clear and intact, except at the region of the fovea, where it was slightly eroded 
At about the center of the \iead there was a darkly stained oval area which 
extended down into the neck across the fracture line to the distal fragment The 
rest of the interior of the head was yellowish and uniformly trabeculated There 
was slight mobility between the fragments 

Microscopic Appearance — The round ligament was represented by a narrow 
strip of slightly dense avascular connective tissue which did not penetrate the 
spongiosa The articular cartilage about this region was very slightly eroded and 
replaced by fibrous tissue which extended from the region of attachment of the 
Jigamentum teres to the head (fig 28) Except for this erosion, the articular 
cartilage as a whole, although necrotic, was intact and adherent to the underlying 
subchondral bone Most of the cartilage spaces, especially around the fovea, were 
empty The remaining cartilage cells stained rather poorly There was marked 
calcification of the deeper layer of the articular cartilage The bony lamellae were 



Fig 28 (case 8) — Section of the fovea showing the absence of vascularizatio 
of the spongiosa from the hgamentum teres, X 60 


hicii 

No 


necrotic and lay except m the dark area in a matrix of degenerated marrow, w 
was practically acellular and avascular and contained large empty 
attempt at replacement of these necrotic bony lamellae bv ^brous connectu^e^ 

ot contact 
encoun 


was seen However, in the oval area extending for a distance of 2 cm tro 
fracture line up into the neck and base of the head, and in the regio 


between the fragments, active absorpti've and regenerative changes were 
tered Here the necrotic bony trabeculae of the head w’^ere embedde 
vascularized connective tissue rich m blood vessels, red blood cells, an c ^ 
a few osteoblasts and multinucleated giant cells At the borders of some 


necrotic bony lamellae newly formed bone surrounded by numerous osteo 
seen Active lacunar absorption of bone was taking place in the same reg^ jjjgrro" 
\asculanzed tissue bridging the fracture line appeared to proceed rom 
of the living distal fragment The region of impaction was filled wi ’ ^ 

ments of dead bone emur tl'^ 

As in an unumted mtracapsular fracture of the neck of >- ^ ^ 

portion of the distal fragment presented a striking picture of pi 

simultaneous!} active absorptive processes Throughout the rcni 
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I)ei\\CLn the fncinicnls, a lire ul hand of Iiir1iI\ \asciilar coniicctnc tissue \\as 
seen eMeiuhng from the cancellons spaces of the neck into the Iiead In this region 
a netwoik of small newh formed hone sniioimded h\ osteohl ists was seen about 
the fiacture surfaces (fig 29) the peiipherv of the neck, however, a picture 
ot partial necrosis of the bom l.imcll.ie was encountered Ileic, the bone cclU 
were found oiih diout the haecisim can ils ind were absent m the compact portion 
of the bone and the mtermedi ite 1 imellae (fig 30) '\n actne lacumar absorption 

of these partialh neciotic 1 nm lamellae w is also taking place 



Fig 29 (case S) —Photomicrograph of section showing the region of contact 
of the fragments original bony lamella of the distal fragment (a), fracture line 
(b), proximal fragment (c), rich network of newlv formed bone (d) and osteo- 
blasts (e) Reduced from a magnification of X IbO 

Stimiiiai y — The case may be summanred as follows 

1 Impacted mtracapsular fracture of the femoral neck of twentj-four daes’ 
duration w'lth total necrosis of tl e head and partial necrosis of the neck 

2 Presence of the hgamentum teres, but no signs of revascularization ot the 
head from it 
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3 Beginning erosion of the articular cartilage about the fovea with fibrous 
tissue replacement 

4 Slight replacement of the necrotic bony lamellae and formation of new bone 
m the head at the region of contact with the distal fragment 

5 Extension of vascular connective tissue from the distal fragment across the 
fracture line into an adiacent portion of neck and head No sign of vascularization 
of the necrotic head through the intact periosteum along mesial side of fracture 



Fig 30 (case 8) — Periphery of the distal portion of the neck showing nc^ 
and marked lacunar absorption of the bony trabecula with slight formation o 
bone Reduced from a magnification of X 160 


6 Partial necrosis, slight formation of new bone and active bone abso p 
the distal fragment of the neck near the fracture line 

Comment — Here one has an earl} case of intracapsular 
the neck of the femur m which the fragments are m good 
It ma} be noted that in this case there was no attempt at re\ 
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izalion oi the neciolic head liom the icgion of the hgamcntum teres 
The beginning stage of bom consolidation which mainh proceeded 
fiom the paitially neciotic neck was seen With this theie w'cre also 
eaih signs of oigani/ation ot the ncciotic head in its secondarily 
Aasculaiizcd region 

CASE 9 (NECROTIC HEAD) 

If a neciotic head such as that desciibed in case 8 is allow'cd 
sufficient time in good apposition with the distal fragment, a complete 
osseous consolidation maj lesult Case 9 is cited to indicate this bom 
union 

The patient was a woman 49 \cars of age One da\ betore examination, she 
fell on her left hip, and because of the subsequent pam and disability in it, she had 
to be carried to her bed Roentgen examination of the hip on the same day showed 
an mtracapsular fracture ot the neck of the lemur with separation of the frag- 
ments On the next daj, a bone pegging operation, using a beefbone peg, was 
pertormed The ligamenlum teres was not identified The ca\itj of the joint 
was found filled with bloody fluid The patient yyas placed m a long plaster of 
pans spica, in yvhich she remained for nearly three months The cast yvas then 
remoyed, and passne moyement of the leg yyas instituted She yyas then alloyyed 
to be up and about yyith the aid of crutches The roentgenogram of the hip taken 
nearly four months after the operation shoyyed boin healing of the fracture 
(fig 31^) 

Eight months after the operation, the patient began to Iiaye pain in the left hip 
Roentgen examination at this time shoyyed an almost normal density of the head, as 
IS regularlj seen in a necrotic head, and slight irrcgularit> of its yy eight bearing 
portion (fig 31 J?) The neck reyealed a slight diffuse decrease m densitj The 
bone peg did not shoyv any change Because of the persistent pam m the left hip, 
an operation yvas performed four months later for the removal of the bone peg 
At this operation, the fracture yvas found to be solidlj healed The patient sub- 
sequent!} passed an uneventful conyalescence and yyent on to recoyery yyith almost 
perfect use of her left leg until a }car after the second operation (nearly tyyo 
years after the bone pegging operation) , then she started to complain again of pam 
and disability of the same hip (fig 31 C) A roentgenogram taken at this time 
shoyved absorption and collapse of the femoral head yyith separation of a portion 
of it at its yveight bearing portion Another operation yvas done for the removal 
of the collapsed portion of the head This yyas found almost free m the joint, and 
on histologic examination it yvas seen to be made up of necrotic, although intact, 
articular cartilage and necrotic, unreplaced bony lamellae, yyhich yvere embedded 
m a matrix of degenerated marroyv 

It IS of great interest to note that the portion of the peg about 4 cm long lying 
in the trochanteric region of the distal fragment yvas markedly eroded and thinned 
and had a moth-eaten appearance, yvhile the part included m the neck, 2 cm long, 
yvas put slightly eroded (fig 32) The yvhole portion of the peg m the head, 
hoyvever, remained unchanged This might be explained by assuming that a 
gradation of vascularization and vitality of the fragments after complete mtra- 
capsular fracture of the neck of the femur exists Because of the absence of the 
ligamentum teres and its vessels, necrosis, loss m vitality and failure m revas- 
cularization of the head occur after the fracture, yvhich accounts for the unchanged 
condition of the part of the peg in this region In a similar manner, and folloyving 
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the complete fracture, there results a destruction of the vessels along the neck, 
vhich are known to be the mam source of nutrition for the femoral neck Conse 
quently, a diminution in vascularization and vitality with subsequent partial 
necrosis especially marked along the margins, as observed in histologic sections 





P'lg 31 (case 9) — A, roentgenogram of the left hip taken four mon 
bone pegging operation, showing healing of the fracture and practica ^ 
tion m density of the femoral head Bj roentgenogram of the hip ta 
after the operation showing the dense head with beginning collapse o 
bearing portion C, roentgenogram taken two years and two 
bone pegging operation Note the separation of the collapsed an ma 
portion of the head 
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-ippor- in It Tiic sliglit absorptnc cliangc at tlie corresponding part of the peg 
can well be explained b^ tins condition of the neck On the other hand, as the 
intertrochanteric region is supplied not onh bj the \essels running along the 
femoral neck, but also b\ a branch of the superior nutrient arter\, the destruction 
of the neck eessels alone would result in little or no impairment of nutrition of 
this region This accounts for the more or less normal vascularization and titalit} 
of the trochanteric region of the distal fragment, as shown bj the marked absorp- 
tion and erosion of the peg included in it 

Sinnvta)y — Summarizing the significant features, one has 

1 Bone pegging operation performed one daj after the injur}, followed in 
four months b\ boin healing of the fracture 

2 Necrotic head eight months after the operation, as shown b} its normal 
densits in the roentgenogram 

3 Secondan collapse of the weight bearing portion of the head almost two 
jears after the healing of the fracture 

4 Eroded appearance of the bone peg within the tronchanteric region, slight 
erosion of the part included in the neck and unchanged condition of the peg King 
in the head 



Fig 32 (case 9) — Appearance of the remo\ed bone peg showing portion 
included in the trochanteric region of the femoral shaft (o), part in the neck (&) 
and portion in the head (c) 

C 

5 Necrotic head as evidenced bj the roentgenogram, b\ the absence of the 
hgamentum teres and b\ the appearance of the peg 

6 A slight absorption of the neck 

Comment — On the basts of the roentgenologic observations in 
separated femoral heads after fracture of the neck this femoral 
head can be considered with a high degree of certainty to have 
been necrotic This is indicated by its diffuse normal density 
as seen in the roentgenogram made long after the bony union 
of the fracture took place With this change in the head, it ma}" be 
assumed that there were also varying degrees of necrosis with subse- 
quent reduced Autahty of the neck in this case, as suggested by the 
appearance of the bone peg included in it, by the diffuse rarefaction 
and erosion of the neck as seen m the roentgenograms and indirectly by 
the uniform histopathologic obserx^ation of necrosis (partial or com- 
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plete) in other femoral necks following such fracture But in spite 
of the total necrosis of the head and the varying degrees of necrosis 
of the neck, bony healing of the fracture, although delayed, occurred 
within four months after the bone pegging operation The collapse of 
the weight bearing portion of the head, which became evident two years 
after the bony union of the fracture, suggests that an efficient secondary 
vascularization of the necrotic head from the distal fragment, with com- 
plete organization and transformation had not appeared Consequently, 
secondary degenerative change in the form of collapse, especially of the 
weight bearing portion of the head, took place It is therefore justifiable 
to assume that healing of the fracture is possible from the slow ingrowth 
of callus from the necrotic and eroded neck Although directly 
accountable for the healing of the fracture, the revasculization of the 
necrotic head from the distal fragment is a rather slow and weak 
process which invariably fails in thoroughly organizing and transform- 
ing it As a consequence, the head remains necrotic and as m the 
case in which there is a necrotic and separated femoral head, it under- 
goes a secondary degenerative change In this connection, and to 
show further the possibility of bony union of the fracture when the 
head is necrotic, a case reported by Axhausen may be mentioned 


This occurred m a schoolboy, 16 years of age, who, ten months before evami 
nation, fell on his right hip In spite of slight soreness in the hip, he was able to 
walk home with practically no disability A roentgenogram taken at the time o 
the injury showed an impacted mtracapsular fracture of the neck of the femur 
The fracture healed, and the youth became able to make use of the limb without 
the least discomfort Then, a few weeks before examination, he began to have pam 
and disability in the hip The roentgenogram taken at the time of examination 
showed evidence of bony union, but with secondarj'^ collapse of the femoral ea 
The head, which was resected later, retained its normal density, as do ot er 
necrotic femoral heads On mfcroscopic examination, it was found to be to a ) 
necrotic, with replacement of the marrow at the upper osteochondral 
a highly vascularized connective tissue which apparently extended from the is 
fragment The necrotic bony lamellae in this region showed lacunar 
with simultaneous formation of new bone This formation of new 
reorganization were especially marked about the fracture surfaces and 
to the region of the epiphyseal cartilage The articular cartilage was 
nuclei It was fissured and eroded for an area of 2 5 cm in its superior p 
exposing the underlying spongiosa 


CASE 10 (NECROTIC HEAD) 

In the case of impacted mtracapsular fracture of the 
femur now to be described, the roentgenograms showed 
union occurred But the proximal fragment was jiecrotic, 
by the roentgenograms, and consequently it underwent a gra ua 
gration and collapse m its weight bearing portion 

nt the 

A man aged 55, fell on his left hip, Aug 8, 1925 On accoun^ c^rrit-d 
mg pain and disability in this hip, he was unable to walk and a 
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home on a stretcliei The loentgcnognin t iken three da^s later showed an 
impacted mtracapsiilai fracture of the neck of the femur Tlie extremit} was 
put up m a long plastei of pans spici, in which it lemained for thirtj-one da^s 
Roentgenogi ams taken it this time showed bon\ union of the fracture After si\ 
weeks lie walked on crutches and after four months he discarded them However 
after six moiitlis the pain again became so severe tliat he resumed the use of 
crutches A roentgenogram eight and a half months after injurj sliow'cd slight 
collapse and irregularit\ m the weight hearing portion of tlie Iicad and reduced 
densite m the mesial portion of head fragment apparenth from iinasion of tissue 
from the distal fragment (lig 33 7?) 

The patient was again placed in a plaster of pans spica three months later, and 
remained in this cast for sc\eral weeks Since then there has been marked limita- 
tion of motion and adduction deformite of the hip and pain on w'alking has been 
so great that he has continued the use of crutches Roentgenograms were taken 
tw'ente months and three ^cars and four montlis after the injurv Thev showed 
signs of a slow'h progressue collapse of the wciglit Iiearing portion of the head 
and a progressuc imasion and absorption of tlie rest of the liead with replacement 
b\ irregularh arranged spong\ hone This is re\ ealed m figure 33 C b\ the 
blotche character of the sliadow in the weight bearing portion and the reduced 
densite m the lateral or noiuveiglit bearing portion (a) projecting bejond the 
acetabular margin tlirce jears and four months after lnJur^ It is evident that 
transformation was produced b\ tissue imasion from the distal fragment, but 
there appear to be no signs present b\ winch one can sa> definiteh that there was 
invasion from the round ligament Figure 33 C also shows tliat a long time after 
union has occurred the densitj' of the necrotic head whicli at first is unaltered may 
be as markedly reduced bj invasion and transformation as is that of the living 
distal fragment and innominate bone b\ atropln of disuse 

Case 10 show's that w'hen the head becomes neciotic, bony union of 
the fiacture may occur, but as a lesult of w'eight beating the head may 
collapse and become markedl} deformed befoie long transfoimation 
takes place, giving a pool functional lesult 

CASE 11 (NECROTIC HEAD) 

In case 11, theie w'as bony union in the piesence of loentgen evidence 
of neciosis of the head fiagments, but weight was not borne on the limb 
foi eleven months and then only with the aid of canes for fouiteen 
months Transfoimation of the head was almost complete at the end of 
this time without collapse of the weight bearing poition and the hip w'as 
improving so that a fairly good functional result appeal ed to be in sight 

A man, aged 58, wdiile boarding a street car, fell and forcibly struck his left 
hip on the step of the car Because of pain and disability in the hip, he had to be 
aided to a stretcher, in wdiich he was taken to the University of Chicago clinics 
A roentgenogram showed complete intracapsular fracture of the neck of the femur 
W'lth slight displacement of the fragments With the patient under ethylene 
anesthesia, closed reduction was performed on the following day, and with the 
limbs abducted and internallv rotated, a double, long plaster of pans spica w'as 
applied (fig 34 A) The lower fragment was displaced laterally about 0 75 cm 
The cast was removed after ten w'eeks and another roentgen examination of the 
hip was made It showed that the fragments w'ere in apposition but the lower frag- 
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ment was externally rotated There was moderate reduction m density of t), 
fragment ends where they came in contact and the lateral half of the head fr.. 
ment showed reduced density for 0 5 cm back from the fracture line ThI 
was a spongy bony shadow across the fracture line The rest of the head cas 
a shado^^ of the same density as that at the time of injury except in the region o 



Fig 33 (case 10) — A, roentgenogram of the left hip taken three days after the 
injur} Bj roentgenogram taken eight and one-half months after the 
Note the dense femoral head and collapse of its weight bearing portion O 
roentgenogram taken three years and four months after the occurrence o t 
fracture Note the marked absorption of the head The outer circunifei'ence 
the head which was nonweight bearing (a), although showing marked reduction n 
densit}, maintains a fairly normal contour This portion shows that a 
area ■when not subjected to stress ma}'' after a long period be transfornici 
reduced in densit}'’ without changing form 
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the {o\ca where llicrc was an o\aI shadow of reduced dcnsitv 1 cm m its short 
diameter llie distal fragments and tiic innominate hone showed reduced dcnsitj' 
from atropli> of disuse The interpictation is that tlic head became necrotic, that 
there was boin union of the fracture and that iiuasion and transformation of the 
dead head had begun, botli fiom tlic round ligament and from the distal fragment 
across tiie Iicaled fracture The iieroneus ncrec was parahred and the limb 



Fig 34 (case 11) —A, roentgenogram taken four daj's after repositioning of 
the fragments, which was performed on the daj of the injury Bj roentgenogram 
taken three months after the injury, shownng normal density of the head except 
for slight rarefaction about the fovea and repair of the fracture C, taken five 
and one-half months after injury, shows a large area of irregular absorption and 
replacement of the head about the fovea (a) D, taken eleven months after injurj% 
shows about three fourths of the head transformed by invasion from both the fovea 
and from the distal fragment 
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remained swollen for six months The patient went on crutches for eleven months 
bearing no weight on the limb Roentgenograms were taken four months, five and 
a half months, eleven months and fourteen months after injury showed a gradual 
transformation in the head proceeding largely from the fovea but to some extent 
from the distal fragment with irregular reduction m density, leaving a mottled 
spongj bone in more than four-fifths of the head but without any signs of col 
lapse in the weight bearing portion of the cortex The nonweight bearing portion 
laterallj was replaced by bone casting a fainter and more even shadow than that 
in the weight bearing portion The contour of the cortex of the head and the 
cartilage space of the joint are unaltered in outline 

The following case shows that when union occuis following intra- 
capsulai fiactuie with necrosis of the head, the ultimate result may be 
fairly satis factoi}'’, although a clinical picture simulating chronic osteo- 
aithiitis of the hip joint inaj'’ lemain after seveial years have elapsed 



Fig 35 (case 11 X) — Roentgenogram taken five years after fracture of nec 
showing union with reorganization and cavitation of tlie head with slight collapse 
m the weight bearing portion, which is evidence that the head was necrotic 


CASE 11 X (NECROTIC HEAD WITH UNION AND FAIR 
FUNCTIONAL RESULT) 

A woman, aged 62, fell on the light hip, which produced pain an 
disability A i oentgenogram taken immediately was thought to show n 
fracture She got up after foui days and walked with a cane ^ ^ 
gradually became more painful, so that aftei four weeks she began to 
Clutches As there was no impiovement at the end of four 
another roentgenogi am was taken which was repoi ted to shoiv a i 
fracture of the neck of the femur The hip continued to be 
the patient used crutches for three years, then a cane for one jear, ^ 
one and a half xears has walked unaided She was examined 
half X ears after the injury at which time she walked with a s ig 
and complained of pain and -weakness in the joint on walking 
tances Examination showed 1 inch of shortening of the 
moderate limitation of rotation and abduction and 50 per cent i 
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of flexion in the hip A loentgenogicun (fig 35, case 11 X) showed a 
healed fiactuie with maiked shoitening of the neck of the femiii and 
model ate coxa vaia The head shows evidences of maiked leconsti uction 
with the founation of huge cavities and heavy iiiegulai bonj^ tiabecnlae 
in the weight healing line 1 hcie is veiy slight collapse of the head along 
Its weight healing sin face The histoiy and symptoms aie consistent with 
an impacted fiactuie of the neck of the femm lesultmg in neciosis of the 
head and tiansfoimation and iiiegiilai leplacement of the dead hone 
with little change in contoui hy mgi owing new hone under functional 
stimulation dining the jiciiod when theie was little oi no weight hearing 
The functional lesult was a fanly satisfactoiy one 

COMMENT ON CASES IN WHICH KEUNION RESULTED 
DESRIIE NECROTIC HEAD 

It IS theiefoie evident that neciosis'of the head is not an absolute 
hindiance to bony union, as has been geneially believed since the teach- 
ings of Kocher Axhausen,’'' and latei Bonn ” thought that every com- 
plete intiacapsiilai fiactuie of the neck of the femm lesiilts in necrosis 
of the head The foimei stated that healing of the fiactuie m these 
cases is deteimined hy the possibility of budge foimation between the 
fiactuie ends by the mgiowth of callus from the distal fiagment, and 
revascularization and later organization of the head It is beyond doubt 
that a budge foimation which at the stait is made up of vascularized 
connective tissue and later callus may proceed exclusively from the distal 
fragment, as in Axhaiisen’s case and cases 7, 9, 10, 11 and 11 X In 
none of the cases heie lepoited was theie eithei histologic or loentgeno- 
logic evidence that callus foiming in connection with blood vessels entei- 
mg the necrotic head by way of the i ound ligament played a part m the 
healing of the fiactuie Consequently, it must be concluded that when 
bony union occurs it is by way of new bone coming from the distal fiag- 
ment As Coinil and Coiidiay-^ have pointed out, there is neciosis of 
the cortex after fiactuie of any bone foi a shoit distance back from the 
fracture line but that fact seems to play no moie of a idle in fiactuies 
heie than elsewheie m the pioduction of nonunion 

Organization of the necrotic head in case of union of the fiacture 
proceeds from the tissues invading it fiom the distal fiagment and in 
some cases fiom the lound ligament The late of invasion of these 
tissues IS vaiiable, depending on the rapidity of union, the vascularity 
of the round ligament and the amount of functional stimulation from 
usage of the limb As soon as union has occurred, usage hastens the 
rate of invasion of new tissue, of absorption of the necrotic tissue and 
of replacement by new-bone bone-marrow and fibious tissue If there 

21 Cornil, V, and Coudray, P Du cal au point de vue expenmentel et 
histologique, J de I’anat et de la physiol 40 113, 1904 
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IS too much weight beaiing eaily as m case 10, theie may be collapse 
of the weight bearing poition and maiked defoimity of the head before 
leplacement of the dead bone and caitilage takes place with a pooi func- 
tional lesult If, however, the head does not beai too much weight but 
theie IS functional stimulation by movement without walking on the 
limb, tiansfoimation may occui with little or no collapse of the head, 
as m cases 11 and 11 X The end-iesult is a head that shows much 
Intel nal deiangement but which functions fanly satisfactoiily In case 
11, much of the tiansfoimation was bi ought about by invasion from the 
lound ligament, as judged by repeated i oentgenogi ams ovei a peiiod of 
fourteen months The “secondaiy aithritis defoimans” in foiii out of 
thiiteen cases reported by Poitwich-^ was piobably due largely to 
neciosis of the head with dismtegiative changes Johansson"® lepoited 
collapse and absorption in the head beginning one to two yeais after 
healing of the fiactuies 


SURVIVAL OF HEAD 


When, however, the femoral head remains alive aftei the fiacture 
and the fragments are in good apposition, bony union of the fracture 
will occur 111 the gieat majoiity of cases Being alive, the head will 
maintain its configuration and will not undeigo secondaiy degenerative 
changes even long after the fracture has healed This is illustrated by 
cases 12, 13 and 14 


CASE 12 (LIVE HEAD) 

Case 12 is cited to indicate prompt healing of a fracture with no 
displacement or following early leposition of the fiagnients Because 
the head wms alive, as shown by'^ its diffuse rarefaction in the loentgeno 
gram taken three months after the injury, it did not undeigo secondarr 
degenerative changes during the period of four years following tie 
healing of the fracture 


The patient was a woman who at the age of 71 slipped and fell on her c 
This resulted in marked pain in the hip and disabilit}’’ The roentgenogram 
at the time of the injury showed an impacted mtracapsular fracture o 
of the femur with slight displacement of the fragments An ambulator} sp ^ 
worn for one month (fig 36 A) The patient was then put in a cast oi"^ 
weeks, the cast was removed and another roentgen examination o w ^ara 
made This revealed bony union of the fracture with the neck in ® 'S’ 

(fig 36 B) The head retained its normal contour and appeared to eai ’ ^ 

disclosed by its diffuse decrease in density She was seen again a mos a^ 
ten months after the bony healing of the fracture She had goo ol 

and could go about her ordinary work without discomfort A roen g ^ 
the hip at this time disclosed a head that had maintained its configura 


22 Portr\ ich, O Ergebnisse der unblutigen Behandlung me m 

halsfrakturen, Deutsche Ztschr f Chir 193 145, 1925 llunifral'l"'^'"’ 

23 Johansson, S Ueber epiphysennekrose bei geheilten o 
Zentralbl f Chir 54 2214, 1927 
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alive as ^\as manifest m tlie slight diffuse decrease in density In spite of the 
coxa vara, the hip had three-fourths normal range of motion 

The patient was seen three vears and ten months after the injury because of 
cancer of the cerMx uteri There was almost normal function and slight limita- 
tion of motion in the left hip 

A. roentgenogram (fig 36 C) showed the head still intact with bony trabeculae 
running into it from the distal fragment along the under surface of the neck The 



Fig 36 (case 12) ~A, roentgenogram taken two days after the injury and a 
day after application of ambulatorj splints B, roentgenographic appearance of the 
left hip three months after the injury, showing a healed mtracapsular fracture of 
the neck C, roentgenogram taken three years and eight months after the healing 
of the fracture Note the diffuse decrease in density of the head, its normal shape 
and slight coxa vara D, roentgenogram of a section of the femur showing bon> 
repair of the fracture and newly formed rveight bearing trabeculae in the head 
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patient died of the carcinoma four and one- third years after the injury and the 
upper end of the left femur was obtained at autopsy The neck was markedly 
shortened and the head was in the position of coxa vara The stump of a small 
round ligament projected from the fovea The articular cartilage was markedly 
thinned and yellow gray about the margins and fovea, but there was a band in 
between which was only moderately thinned and bluish A coronal section showed 
a very short neck with union by dense bone along the fracture line There had 
been absorption and replacement of the impacted neck fragments with laying down 
of new supporting trabeculae extending from trochanter minor along the bottom of 
the neck and upwaid to the top of the head, as shown in a roentgenogram of a slice 
of the specimen (36 D) Microscopic sections were made of the head, neck 
and trochanters The head was alive but markedly atrophic The articular carti- 
lage was thin and at the margins and about the fovea it was overgrown and largely 
replaced by connective tissue Blood vessels were present in the stump of the 
ligamentum teres There was a dense bonj' intermediary callus No dead bone 
was seen m the region of either neck or head 


CASE 13 (LIVE HEAD) 

Case 13 indicates a head that appaiently remained alive after the 
fracture Piompt healing occuired following early leposition of the 
fiagments The head preserved its noimal configuration thiee yeais 
after the fiactuie had healed 


The patient was a woman, 68 years old Three years before examination, she 
fell on her right hip striking it against a stone pavement She had to be carried 
to her home in a stretcher because of the acute disabling pain in her hip Roentgen 
examination made on the day of the injury showed complete mtracapsular fracture 
of the neck of the femur with slight separation of the fragments (fig Z7 A) With 
the patient under ether anesthesia, closed reduction was performed, and the leg 
was put 111 a double, long plaster of pans spica, in which it remained for eight 
weeks (fig 37 B) The cast was then removed and another roentgen examination 
of the hip was made This disclosed a good alinement of the fragments and bonj 
union of the fracture The head maintained its normal shape and appeared alive, 
as shown by the diffuse reduction of its density The last time the patient was 
seen was three years after the injury, she was then free from discomfort in the 
hip The result was excellent, as shown by the normal range of motion o 
the hip and by the roentgenogram taken at this time, which revealed healing of the 
fracture with slight coxa valga Judging by the criteria herein established t le 
head was alive and preserved its normal configuration (fig 37 C) 


CASE 14 (LIVE HEAD) 

Case 14 indicates that when the head is alive and the fragments are 
in good apposition oi impacted, a prompt healing of the fracture resit 
in spite of failure to immobilize the hip In such a case the head retains 
its noimal configuiation 

A woman, 54 years old, complained of slight soreness m the left hip '' 
been present for three months Sixteen months before examination, she 
in the bathroom striking her hip against the edge of the bath tub ^^a-' 

to get up failed on account of the acute pain and disability of hip 
taken to her bed, where she remained for three days The pam o 
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dimimshecl m sc\cnt\, .iiul before tlic end of the week she was again able to be 
up and about A roentgenogram taken two inontlis after tlie injury sliowed a 
healed mtracapsular fracture of the neck of tlie femur with impaction of the 
fragments (fig 38) Manipulation followed by weekly vigorous massage 
was carried out for five weeks After tins time, the patient had increasing relief 
from discomfort until three months ago, then she again began to have slight 
soreness in the hip Fearing that she might ha\c a deforming arthritis in the hip, 



Fig 37 (case 13) —A, roentgenographic appearance of the right hip on the day 
of injury B, roentgenogram taken three days after closed reduction of the frag- 
ments C, roentgenographic appearance of the right hip three years after the 
injury, showing a living femoral head which revealed slightly reduced density 


she came to the clinic for examination The hip disclosed a full range of motion 
-\o tenderness or disability could be elicited Roentgen examination at the time 
sixteen months after the injury, revealed a healed mtracapsular fracture of the 
neck of the left femur (fig 39) The femoral head showed norma] shape and 


s. 



Fig 38 (case 14) — Roentgenogram taken two months after the injury, show 
mg the healed mtracapsular fracture of the neck of the left femur 



Fig 39 (case 14) — Roentgenographic appearance of the left hip diffii'e 

after the injury Note the healed fracture of the neck and the sig^ 
reduction in densitj of the head 
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appeared alive but slightly atrophic, as shown by its slight diffuse decrease in 
density Two jears and four months after the injury the patient reported that the 
hip was free from pain and functioned normally except foi slight limitation of 
motion 

When nonunion has existed foi some time befoie open i eduction and 
leposition of the fiagments is peifoimed, bony union of the fractuie, if 
the head is alive, may still lesult in spite of maiked atiophy of the fiag- 
ments This is well illustiated by the case lepoited by Hendeison,-'* 
which indicates that a prompt anatomic healing of the fiactuie notwith- 
standing the existence of nonunion of moie than thiee years’ duration 
may occui with a good functional lesult (fig 40) The marked diffuse 



Fig 40 — Successful bone graft for nonunion of more than three years' dura- 
tion Note partial restoration of the neck of the femur The head is markedly 
atrophic with a small circumscribed area of reduced density about the fovea 
(after Henderson, Ann Surg 83 696, 1926) 

decrease m density of the head, as in cases 6 and 7 , is evidence that the 
head was piobably alive and as such did not undergo secondary degen- 
erative changes but atrophied from disuse 

COMMENT ON CASES IN WHICH HEAD SURVIVED AND 
TRAGMENTS UNITED 

In the three cases of intracapsular fracture of the neck of the femur 
in which the roentgenogiam indicated that there was survival of the 
head and in which there was either impaction of the fragments or early 
reduction and fixation of fragments, bony union took place The head 

Henderson, M S Unumted Fracture of the Hip, Ann Surg 83 696, 
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retained its normal contour and its densit) varied with that of the sur- 
rounding bone showing i educed density fiom disuse at the end of the 
penod ot immobilization and a return to appi oximately a normal densip 
aftei function was fully resumed In case 12 coxa vara peisisted, and 
new bony trabeculae weie laid down acioss the head m the new lines of 
foice In cases 13 and 14 there was little change in the neck of the 
femur, and the head resumed almost normal appearance in roentgeno- 
gi ams 

The callus forms almost entirel} in the intermediary zone, there being 
practically no new bone laid down on the sui face of the neck It appears 
to come from both fragments as is the case in the ordinal}’- fracture 
Bony union occuired in the one case of fractuie with displacement of 
fragments following early reduction and fixation m abduction and inter- 
nal lotation aftei the method of Whitman However, there seems to 
be no good leason why nonunion should not occasionally result after 
good reduction and fixation of fiactuie of the neck with smvival of the 
head as is the case with other fractuies in vaiious parts of the skeleton 
In case of delayed or nonunion with suivival and atiophy of the head 
of the femur it has been found that open opeiation with freshening of 
the fragments and fixation by a vaiiety of pioceduies has been followed 
by bony union in a certain peicentage of cases This is exemplified in 
Henderson’s case in which theie was successful union alter the use of 
a bone peg in a case of delayed union of thiee years’ standing 


CAUSES OF NONUNION 

There has been a great deal of contioversy as to the causes of non- 
union of fractures of the neck of the femui They may be giouped 
broadly under foui heads (1) displacement of fiagments, (2) excessne 
mobility of fragments, (3) neciosis of head of femui, (4) necrosis and 
eiosion of neck fragments 

Exact 1 eduction and fixation of fiagments aie undoubtedly the most 
important factors in obtaining bony union in case of mtiacapsular frac 
tures of the neck of the femur as a group This is shown by the laria 
tion in results that have been lepoited by different methods of treatment 
m which theie have been variations in accuracy of reduction and degree 
and duiation of fixation of fiagments, also, by the gieat freqnenc} 
which bony union occuis in case of impacted fiactures of the neck, 
external fixation has been emplo)'ed and sometimes when there has le 
no external fixation It is generally conceded that the most e ci 
closed reduction and fixation of fiagments is obtained by the 
abduction method of cast tieatment Poitwich"" reported 
cases (67 per cent) of nonunion m fifty intracapsular fractures o 
neck in which the Whitman abduction method was not used an 
one case of nonunion among ten cases m w 


lUU WCLO I 
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Campbell ■’ tieatcd twcnty-ninc fiesh ]ntraca])sular fractures of the neck 
of the femur by the Whitman method, with bony union m twenty-four, 
nonunion in four, and m one the result was unknown Of forty-four 
cases of ununited mtracapsular fractures of the neck of the femur 
which came undei his obseivation. Buck’s extension was used m four- 
teen, ])lastei cast in nine, Hodgen’s splint in foui, sand bags in nine, 
osteopathy in two, ambulatoiy sjdint in one, and in five undiagnosed 
cases no treatment was given 

Necrosis of the head is undoubtedly an impoitant cause of nonunion 
When the cn dilation to the head is completely interrupted, the entire 
structuie dies, and since the head and neck he free in the joint there 
IS no rapid attachment established with sui rounding soft parts and con- 
sequently no suivival of osteogenic elements along the fracture surface 
01 peiiphciy of the fragment-end such as occurs in a bone tiansplant 
located away from joints Therefore, any callus that is foimed for the 
lepair of the fiactuie has to come fiom the distal fiagment, and union 
between a completely neciotic and a living fiagment is more difficult of 
accomplishment than between two living fragments The slightest 
motion at the seat of fracture tends to break up the callus which has to 
bridge the defect and peimeafc, absoib and rejdaee the dead bone Of 
the fifteen cases here studied, there was complete necrosis of the head 
in nine and paitial necrosis m one (case 7 ) Of these, there was non- 
union 111 five cases, including the one case of partial necrosis, and bony 
union in the other five, including thiee cases in which nonoperative treat- 
ment was used, one case m which immediate beef bone pegging was per- 
formed, and one impacted case in which union was in the process of 
occurrence when death occurred on the twenty-fourth day There was 
an impaction in two cases in wdiich bony union was obtained, and in one 
case thcie was effective application of the Whitman abduction method 
of tieatment In one case of nonunion there was no treatment In one 
case there was weight extension of the limb, and in two cases inefficient 
treatment was given with a plaster cast, as judged b}'' the statement of 
the patient to the effect that the limb had not been fixed in marked 
abduction and internal rotation The scries is too small to judge of the 
exact fiequency with which union takes place when the head is necrotic, 
but It would indicate that theie is good opportunity for its occurrence in 
case there is impaction of fragments with external fixation or efficient 
reduction and fixation of fragments by the Whitman abduction method 
Erosion and absorption of the neck are factors that are secondary 
to the presence of nonunion and to movement of the fiagments, whether 
the lesult of imperfect fixation or whether intentional after attempts at 

25 Campbell, W C Fractures of the Neck of the Femur, Ann Sure 70 
600, 1919 
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immobilization have been dispensed with Lang thotight that absorp- 
tion of the neck is the piimary cause of nonunion and sought explanation 
for It m the poor blood supply m the middle portion of the neck The 
bone which dies along the ends of the fragments, whether or not the 
head suivives, is eventually absorbed and replaced by new bone as is the 
case with fractures m other locations There is no particular reason to 
assume that it is absorbed more extensively without replacement by new 
bone in a fracture in this region than in other regions In these cases 
there was about as frequent and as extensive erosion of the neck frag- 
ments in nonunion with survival of the head as m nonunion in the pres- 
ence of necrosis of the head 


ROENTGEN RECOGNITION OF NECROTIC AND LIVING HEADS 
Since the state of nutiition of the head of the femur has direct bear- 
ing on the occurrence of nonunion and of disintegrative changes in it 
and on the type of treatment that should be carried out, it is of great 
importance to try to estimate this as nearly as possible by means of 
roentgenograms If the head remains alive, it will undeigo the same 
degree of atrophy from loss of function produced by immobilization 
and of restitution produced by return of function as occurs in the neigh- 
boring bone of the ilium and distal fragment Consequently, the head 
and the distal fragment show about the same degree of reduction m 
density at the end of the period of immobilization, and reduced density 
persists throughout the period of disability In case of occurrence of 
bony union there is a gradual return to original density with the full 
resumption of function The arrangement of the newly deposited bone 
varies little from the normal except in case of union in coxa vara when 
shadows of heavy trabeculae will be seen along the new lines of force 
In case of nonunion and marked functional disability, as in case 6, 
there is persistence of uniform reduction in density of the head When 
It becomes extreme as m cases of long standing, bony tiabeculae may be 
entirely lost in relatively large areas of the head Evidences of collapse 
and disintegration of the weight bearing portion of the femur are not 
seen regardless of the degree of atrophy that may develop The sia 
ows cast by the fragment of the neck in case of nonunion are gradua } 
lost as erosion progresses , 

In case of necrosis of the proximal fragment there is a distinct i 
f erence in density between the shadow cast by the head and the neij, i 
boring living bone at the end of the period of immobilization 
This difference is visible at the end of six weeks and is usually 
at the end of two and one-half or three months The head having^^^^ 
its blood supply^, has been unable to atrophy and casts a shadow ot n 

26 Lang A Beitrage zur Lehre von den Schenkelhalsbriichen^ 


anatomischer und klinischer Studien, 


ire von ucii , 

Deutsche Ztschr f Clnr 135 101, 19 
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mal density while the neighboiing living bone casts a shadow of reduced 
density as a result of atrophy of disuse Subsequent changes in density 
in both head and neighboring bone vary according to whether or not 
bony union occuis and accoiding to the use that is made of the limb 
If theie IS nonunion, the neighboiing living bone continues to cast a 
shadow of reduced density due to the protracted disuse The necrotic 
head is more or less gradually invaded by blood vessels and connective 
tissue, but in the absence of functional stimulation there is very slow 
absoiption of the dead bone with paitial replacement by living bone 
Consequently, it continues to cast a heaviei shadow than the neighboring 
atrophic living bone for a prolonged peiiod In cases 2 and 3, the heads 
still cast uniformly dense shadows at the end of sixteen and thirteen 
months, i espectivel}'^ The histologic evidences of absorption and begin- 
ning leplacement by spongy bone and the roentgenologic evidence in 
cases 2 and 7 would indicate that a gradual irregular reduction m density 
in the ununited neciotic head is brought about in the course of years 
Consequently, in cases of nonunion of long standing it should be difficult 
to distinguish between the cases in which the head lemained alive and 
became atrophic, and those in which the head underwent necrosis with 
slowly progressive absorption and partial replacement by living bone 
In general, the transformed necrotic head would be expected to cast a 
more blotchy and uneven shadow than the atrophied living head 

When there is neciosis of the head and bony union of the fracture 
occurs, the necrotic head casts a heavier shadow than the distal fragment 
at the end of the period of immobilization With the resumption of 
function, the tissues of the distal fragment and in some instances of the 
round ligament are stimulated to invade the necrotic head with resultant 
absoqition and replacement by new bone at a much more rapid pace than 
occurs when there is no functional stimulation as in the case of non- 
union This tiansformation is evidenced by an ii regular reduction in 
density proceeding from the fracture line wheie the invasion is from 
the distal fragment and from the fovea where the invasion is from the 
lound ligament If the head is protected from too extensive weight 
bearing, its normal uniform density is gradually replaced by a more or 
less unevenly reduced density with little or no change in its contour 
This IS illustrated in cases 11 and 11 X With the resumption of exten- 
sive weight bearing following this extensive replacement of necrotic bone 
by living bone, the head greatly increases in density but the outline of 
the new bone is irregular and blotchy, as shown in figure 35, case 11 X 
In case of necrosis of the head in which bony union occurs and there 
is too much weight bearing before invasion, and transformation of the 
necrotic bone has been brought about, the weight bearing portion of the 
head will show evidence of collapse in the roentgenogram with a depres- 
sion of Its aiticular surface and irregular dense shadows in the under- 
lying bone due to compression of the broken-down necrotic trabeculae 
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Invasion of the neck from the distal fiagment lesults in iiregulai reduc- 
tion in its density with abnoimally ai ranged shadows of newly formed 
bone In case 10, the gieatei part of the head had its density i educed 
as a lesult of lapid transfoimatioii dm mg the eight and one-half months 
following the injuiy, and the nonweight bearing portion continued to 
cast a faint shadow dm mg the subsequent three years due to the fact 
that motion m the hip was maikedly limited and weight was not borne 
on It Collapse and extensive iiiegular transfoimation in the weight 
beaiing portion of the head of the femur aftei healing of the fracture 
of the neck is always indicative of neciosis of the proximal fiagment 
The condition is not one, as Axhausen thought, of arthiitis defoimans 
in the true meaning of the teim 

BEARING OF OBSERVATIONS ON TREATMENT 
The objective in the tieatment of all fiesh fiactuies of the neck of 
the femm, whether the head smvives or becomes neciotic, should be to 
secme bony union with as neaily complete reduction of fiaginents as it 
IS possible to obtain This is best accomplished by means of the Whit- 
man abduction and inteinal lotation method of cast tieatment The 
cast should be removed in from ten to twelve weeks, as this is usually 
adequate time, whether the head is dead or alive, foi the occuiience of 
bony union although fiom foui to six months may be necessaiy foi it to 
become solid From roentgenogi ams taken at the end of this time it 
should usually be possible to say whethei the head suivived or became 
neciotic, also, whethei or not the fiactuie is united When there is 
doubt about these points, a second or third roentgen examination aftei 
a few days or weeks will usually clear them up When it is determined 
that the fiacture is united and that the head lemained alive, the patient 
should be allowed to go about on crutches, and in fiom one to two 
months begin weight bearing Collapse of a surviving head from subse- 
quent weight beai mg has not been repoi ted 

On the other hand, if it is found that the fractuie is united and that 
the head became necrotic, the resumption of function should be verj 
much moie gradual than when the head survives The patient should 
walk with crutches, and weight beaiing should be delayed for severa 
months, fiom six to twelve, m order to allow time for the invasion an( 
leplacement of the neciotic bone by living bone and to avoid possne 
collapse of the weight bearing portion and defoimity of the head 
a bad functional lesult A neciotic head with bony union iisuallv pro 
duces a moie painful hip than a living head, and ■u'’eight beaiing cannot 
be toleiated for some time Hence, collapse does not usnallv occu^ 
although the patient is privileged to walk on the limb The prOi,re 
of tiansformation m the head may be followed in the roentgenogram a 
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in case 10 and the appiopiiate time foi discarding clutches judged 
accoidingl) Movement of the limb without weight beaiing should be 
encouiaged, as functional stimulation hastens the late of tiansfoimation 
of the head If a patient is seen m whom slight or moderate collapse has 
occuiied, weight beaiing should be discontinued and an opportunity 
given foi oigcinization of the head If the collapse and defoimity aie 
maiked, theie may be extensive disability lesembhng aithiitis defoimans, 
and a Whitman leconstiuction opeiation with excision of the defoimed 
head may be indicated 

If there is nonunion with suivival of the head and the patient is a 
good opeiative risk, theie is some question as to the best plan of treat- 
ment In case the injuiy is not too old, the fragments of the neck not 
extensively eiodecl and good appioximation of fieshened fragments can 
be obtained, the bone pegging opeiation of Albee may be indicated If 
the case is of seveial years standing or if the neck has been eroded, 
either the Whitman oi the Brackett leconstrnction operations should be 
pel formed If the fiacture is ununited and the head has undergone 
neciosis the best proceduie, when the patient’s symptoms and general 
condition warrant opeiation, would appeal to be the Whitman lecon- 
stiuction opeiation of excision of the head, insertion of the upper end 
of the shaft in the acetabulum with displacement of the ti ochanter down- 
waid and attachment to the side of the shaft Either the bone pegging 
01 the Brackett opeiation would be expected to lesult in a high per- 
centage of nonunion, and even if union occurred, stiffness and a 
defoimed head would be likely to give a poorer functional lesult than 
the Whitman opeiation In the case of necrosis of the head of long 
standing with revascularization and paitial oi complete replacement by 
new bone, a Brackett oi bone pegging opeiation would piobably give a 
pool lesuIt heie eithei from adhesions or fiom nonunion 

SUMMARY 

The only souice of blood supply to the head m case of complete mtia- 
capsular fiactuie of the neck of the femui is the ligamentum teres and 
the extent of the vessels contained m it at the time of occuirence of the 
fiactuie determines its subsequent vitality If the vessels aie adequate 
the head lemains alive, but if inadequate it undergoes necrosis While 
the blood vessels aie more abundant in younger peisons, they may be 
adequate to keep the head alive aftei fractuie in the aged The necrosis 
involved the entiie head m all of the cases m which it occuiied except 
one The relative fiequency of living and necrotic heads attei fracture 
of the neck cannot be judged from the fifteen cases here reported (six 
living and nine neciotic) since most of them were selected because of 
the fact that they affoided material foi pathologic study or because of 
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the presence of special features, as nonunion, neciosis of the head with 
bon}^ union, or survival of the head with bony union in the aged How- 
ever, it IS evident that necrosis of the head is a not uncommon occurrence 


When the head remains alive, there may be either bony union or 
nonunion of the fiacture Bony union occurs in a large percentage of 
cases if the fracture is well reduced and immobilized by the Whitman 
abduction method or if it is put at rest in case of impaction Nonunion 
IS the usual result of faulty reduction and fixation although it may follow 
efficient reduction and fixation as is sometimes the case in fractures in 
other locations When the head survives and union occurs, it undergoes 
atrophy of disuse during the period of immobilization and subsequent 
disability and regains its normal bony density with the restoration of 
function It never collapses subsequently from weight bearing, but 
when there is nonunion the head usually remains permanently atrophic 
The articulai cartilage is thinned by absorption along its attachment to 
bone and ma)'’ be partly replaced by bon-marrow and new bone 


In case of inadequate nutrition of the proximal fragment through 
the round ligament, the bone, bone-marrow and cartilage become necrotic 
Bony union may follow in case of efficient reduction and immobilization 
or in case of impaction In this event, the head is gradually invaded b} 
tissue growing across the healing fractuie from the distal fragment, and 
in some cases from the hypertrophied round ligament, the dead bone, 
bone-man ow and cartilage are absorbed and more or less completely 
replaced by ii regularly distributed new bone, bone-marrow and fibrous 
tissue The weight beaiing portion of the head may collapse before the 
result, but the prolonged avoidance of weight bearing may prevent this 
occurrence and a good functional result may be obtained 


Necrosis of the head predisposes to nonunion When the fracture, 
after a period of treatment, remains ununited, the head is denser and 
casts a heavier shadow in roentgenograms than the surrounding living 
bone which has undergone atroph)'^ The necrotic head may be graduall} 
invaded by newly formed tissue from the round ligament and from adhe 
sions which form between the capsule and the eroded fracture surface 
This tissue giadually replaces the necrotic marrow and absorbs the ea 
articular cartilage Replacement of the dead bone by living bone ta 
place at a very slow rate Consequently, the head may remain dense 
than the neighboring atrophied bone for at least from one to two }ea 
as seen in cases 2 and 3 The absence of active functional stifflu ati^^^ 
explains the slow rate of transformation in the head as compareu v 
that which is seen in case of necrosis of the head followed by bony un 
In the absence of Aveight bearing there is no collapse of the hea 
showm b}^ a roentgenogram, but compression of it between trochanter 
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acetabulum may lead to some erosion of neciotic articular caitilage and 
breaking down of subcortical tiabeculae as seen in case 3 

It should usually be possible by means of i oentgenograms to tell after 
fiom SIX to ten weeks have elapsed whether the head is dead or alive in 
the event of either union or nonunion The living head undergoes more 
or less uniform atrophy of disuse and in case of leturn of function it 
maintains the original density for a long period of time Its density 
dead tissue has been absoibed and replaced, giving a poor functional 
may eventually become uneven and blotchy as a result of invasion, 
absorption and replacement by new bone Collapse and deformity devel- 
oping after union has occuried is always indicative of necrosis of the 
head 

It would appear from these observations and from other published 
repoits that all fresh fractures of the neck of the femur are best treated 
by Whitman’s reduction and abduction cast fixation If bony union fol- 
lows with survival of the head, there is usually restoration of satisfactory 
function within a period of a few months If bony union follows with 
necrosis of the head a painful hip may persist or may return after usage 
Weight should not be borne on the head for many months in order to 
allow sufficient time for creeping substitution of the necrotic head by 
new bone and thereby prevent possible collapse and deformity of the 
head If nonunion occurs and the head remains alive the choice of 
treatment in a patient who is a good operative risk lies between an 
autogenous bone peg and a Whitman or a Brackett reconstruction oper- 
ation depending on the changes in each case If the head is necrotic 
and nonunion results, a Whitman reconstruction operation should be 
performed 

CONCLUSIONS 

1 Aftei complete intracapsular fracture of the neck of the femur, 
the proximal fragment may either remain alive as a result of nourish- 
ment received through the vessels of the hgamentum teres or become 
necrotic 

2 If efficient reduction and fixation are carried out early and suffi- 
ciently long maintained, bony union follows in a high percentage of the 
cases in which the head remains alive and in a smaller but no inconsid- 
erable percentage of cases in which the head becomes necrotic 

3 If bony union occurs in the presence of necrosis of the proximal 
fragment, the limb should be protected from weight bearing for man} 
months while creeping substitution of dead head by new bone is taking 
place If marked collapse and deformity of the necrotic head should 
develop, a Whitman reconstruction operation with excision of the head 
may sometimes be indicated 
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4 It nonunion lesults and the head leinains alive, a patient who is 
a good risk may be operated on b}'- use of an autogenous bone peg oi by 
the Whitman oi the Biackett leconstruction method accoiding to the 
case 

5 In case of nonunion with neciosis of the head, theie may be slow 
invasion of tissue fiom the lound ligament oi fiom adhesions with ver) 
giadual absorption and partial leplacement of the necrotic tissue by living 
bony elements However, the proper opeiative tieatinent in case of 
nonunion with neciosis of the proximal fiagment appeals to be excision 
of the head and the peifoimance of a Whitman reconsti uction opeiation 

6 By 1 oentgenogi apliic studies, it is usually possible to diffeientiate 
between a head that lemains alive and one that becomes neciotic because 
of their diffeience in density which develops duiing the peiiod of disuse 
and because of their diffeience in internal stiuctuie and occasionally in 
contoui which develops dm mg the peiiod of leconsti uction 



A COMPARISON BETWEEN SIMULTANEOUS EQUAL- 
SIZED CLOSED OBSTRUCTIONS OF THE 
DUODENUM AND THE ILEUM 

JOHN J MORTON, AID 

AND 

WILLIAAI C SULLIVAN, AID 

ROCHESTER, N \ 

In a previous study it was indicated that theie weie marked 
anatomic and physiologic differences between obstructed loops of the 
duodenum and of the ileum in the dog The anatomic observations have 
been in a large measure coiioboiated b}' Dragstedt. Lang and Millet - 
These investigators showed that distention of the intestine caused the 
greatest interference m the duodenum because of the anatomic distii- 
bution of the blood vessels m the duodenal wall 

We have nothing new to add to our anatomic studies already leported, 
but wish to record some additional data on the secietion lates, intia- 
intestinal pressures, distensibihties, and bui sting piessuies of equal- 
sized loops of the duodenum and ileum 

EXPERIMENTAL WORK 

Dogs weie anesthetized with ether, and simultaneous closed loops of 
equal size were made m the terminal duodenum and in the terminal 
ileum This procedure was carried out by finding the duodenojejunal 
ligament and tying a flat tape tightly across the lumen of the duodenum 
without damaging the blood supply in the mesentery Ten centimeteis 
were then measured up the duodenum, and a second tape was passed 
around the bowel and tied tightly This made a closed loop of terminal 
duodenum from which gastric, pancreatic and biliaiy secietions were 
excluded In the same way the 10 cm segment of terminal ileum was 
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measured off from the ileocecal junction and occluded (fig 1 ) The .a, 

mats were anestheteed every twenty-fou. hours, and the contentrof ,t 

closed loops we. e aspirated with a needle and synnve After thev ! 

were measuied carefully, they were retui ned^tn i 

they had been withdrawn In this wav it i 

measure of the secreho: tar^l^rd.sTit.^ 

mtestnial pressu.e relations winch had occu.red" E.ght“ 




10 cm 

Fig I Diagram show ing closed loops of equal size which were made in the 
terminal duodenum and terminal ileum 

used for this pait of the expeiiment, and the results are recorded m 
in table 1 

There is a striking difference in the amount of secretion winch 
accumulates m the closed duodenal and m the ileal loops The secretor) 
rate for the ileum is practically negligible, the amount even after 
seventy-t\vo hours being only approximately 1 cc In the duodenum, on 
the contraiy, there is a rapid production of fluid so that the average 
reading for the eight animals at twenty-four hours was 11 3 cc The 
secretion mounts sharply m the second twenty-four hours, averaging 
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35 7 cc for seven animals at the end of forty-eight hours During the 
third day follo\Mng, the pressure becomes so great as to rupture the 
duodenal loop at the occluding tape or through the puncture holes AVe 
do not believe that the measured quantities obtained at seventy-hvo 
hours represent the actual amount secreted in spite of the fairly high 
figures, because a majority of the animals already show leakage at this 

Table 1 — Amount of Secictwn tu Closed High and Lozo Loops m Cubic Ccnti- 
mcicis Compaied zvith Toxicity as Measmed by Blood Clicmishy 
in Mtlligiams pci Hnndicd Cubic Centimcteis 
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tion 

Average figures ( Duoaenuni 

0 
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35 7 

49 


for the senes ( Iieum 

0 
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09 



time A comparison of the secretion rates m the duodenum and ilemn 
can be easier appreciated by obsenung figure 2, which is a graph of 
the a^erage figures for the series This study also brings out the 
essential differences m function between the duodenum and the ileum 
Physiologists have long taught that absorption occurs in the ileum and 
that the most active secretion takes place high in the small intestine 
It would appear from these experiments that this is true, and that the 
current is toward the lumen of the bowel m the duodenum and an ay 
from It m the ileum 

The average length of life for twelve animals ivith this tipe of 
double closed loop obstruction ivas approximately seventy-one hours 
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It IS inteiesting to note that the animal which lived the longest of the 
group — ninety hours — had a low secretion in the duodenal loop, only 30 
cc being present at seventy-two hours Another animal, which died 
eighty hours aftei operation, had only 20 cc of fluid in the duodenum 
at seventy-two hours These figures are well below the average for 
fort} -eight hours Without exception death was due to peritonitis and 
the leak occurred m the duodenal segment It is probable that the high 
obstiuction IS alone responsible for the outcome in these animals If 
it were not for the rupture and peritonitis, the animals might survive 
for a much longer period This observation lends support to the 
contention of Chenut,^ who claimed that the toxic products are absorbed 



Fig 2 — A comparison of the secretion rates of equal-sized closed segments 


of duodenum and ileum 

thiough the peritoneum, and that absorption is practically nil 
the obstiucted loops are put m an extraperitoneal position It 
raises the question wdiether any toxin is ever absorbed through ti 
intact tvall of the how^el 

Six animals weie used for a study of the intra-enteric 
developed in these closed segments A water manometer, as 
described b} Ownngs, McIntosh, Stone and Weinberg w'as use 

3 Chenut, A L’expenmentation dans I’occlusion mechanique de J 

ileon, Re\ de chir 64 474, 1926 j 

4 0\Mngs J C McIntosh, C A, Stone, H ® 

Intra-Intestmal Pressure m Obstruction, Arch Surg 17 507 (- ug; 
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measurements sho^^ a great variation depending on the state of the 
intestine at the time The peristaltic %\a'ies cause decided increases m 
pressure and it is difficult to judge the exact end point for ani reading 
In geneial, the sustained pressures m the duodenum were slightly higher 
than in the ileum just after operation A^'ithm the first ti\enti-four 
hours the pressure sustained and peristaltic mounted steadily in the 
duodenal segment until it vas trom four to seien times as great as m 
the ileum There iias a sIom rise also in the pressure iMthin the ileum 
In the second tvent}-four hours the pressures m the duodenum vere 
not so striking We feel tliat teclimcal difficulties i\ith the apparatus 
failed to bring out the differences that must ha\ e been present '\^ e 
consider that the readings for the first tventi-four hours were an index 

T A.BLE 2 — Difference in Intra-Intcslinal Pressure Pleasured in Millinietcrs of 
Jl'atcr III Obstructed Closed High and Loza Loops 
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of the real differential pressures in the tvAo loops but our later read- 
ings do not indicate the true state of affairs In several of our animals 
there was an earh leakage of matenal around the stem of the duodenal 
cannula, and perhaps this accounts for the poor results Possibh the 
caliber of the manometer was too gross to register the values accurateh 
The results of these pressure measurements are gnen in table 2 
Photographs of manometer pressure records are also shown (fig 3) 

A great man} measurements were made to test the amount of dis- 
tensibiht} in length and circumference of segments of the duodenum 
and the ileum These obsen ations w ere taken w hile finding the amount 
of air pressure necessan,' to determine the bursting pressures of the 
segments Table 3 shows the obsen ations on the segments tested 
immediately and one two four and twenty-four hours after death 
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Fig 3 — Illustrations showing (1) obstructed loops of duodenum^a 
at twenty-eight hours, time interval, five seconds The ileum 
duodenum has continuous peristalsis at a fairly high pressure, \ / minute < 
loops of duodenum and ileum at fort 3 '^-eight hours, time intena, jj,,. 

(3) obstructed duodenum at twenty-four hours, time interval, sec 
peristaltic vaies are well shown in addition to the substained pressur 
base line 
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Practically all the tests made were similai to these readings The 
immediate samples indicate the wide range of variation in distensibihty 
m length and width, and the gieat amount of elasticity of the segments 
A piessure over 1,000 mm of meicuiy was necessary befoie lupture 
occurred The ileum seemed to possess a greater lengthening power 
than the duodenum, but the distention m circumference was about equal 
The powerful duodenal musculatme made the duodenal segments able 
to withstand a somewhat gi eater piessure In even as short a period 
as one hour after death the elasticity of the segments seemed to be 
altered The stiffening due to iigor was best demonstrated by the buist- 

Table 3 — Segments Immediately, One, Tzvo, Foui and Tzventy-Toni Haiti s 
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Ileum 

10 0 

17 5 

35 

70 

800 

Antimesentene 


Dead 1 hour 


10 0 

1775 

35 

75 

790 

Antimesentene 

4 


Duodenum 

10 5 

13 0 

43 

95 

800 

Antimesentene end blew oft 



Ileum 

no 

13 0 

2 2 

75 

aOO 

Wide hole mesentery 


Dead 2 hours 


10 0 

13 0 

23 

60 

680 

Wide hole mesentery 

3 


Duodenum 

10 0 

13 0 

50 

90 

990 

Antimesentene 



Ileum 

10 0 

16 0 

40 

85 

770 

Wide hole antimesentene 


Dead 4 hours 


10 0 

16 0 

40 

95 

760 

Wide hole antimesentene 

5 


Duodenum 

10 0 

no 

35 

75 

830 

Blew end off antimesentene 



ileum 

10 0 

10 5 

30 

5 75 

700 

Blew end off 


Dead 21 hours 


no 

12 0 

30 

50 

690 

Blew end off 


ing pressures, the average of the readings being only about 750 mm of 
mercury, as against nearly double the figure for the specimens tested 
immediately 

The results of this study confirm our previous observations on the 
ph}siologic differences between the high and the low obstructions m 
the dog The most striking phenomenon is the rapidly increasing 
secretion in the duodenal segment in contrast to the comparatively inert 
secretion in the segment of the ileum The increase in fluid content 
IS naturall}’’ accompanied by a raised intra-enteric pressure which is 
■well demonstrated at the end of the first dav after operation This 
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inciease in piessuie within the uppei segments is apparent in the fol- 
lowing days as well, but in these expeiinients technical difficulties, leak- 
age, etc , masked the undoubtedly much greatei hydrostatic pressures 
ill the duodenum Ruptuie always occurred in the duodenal segment, 
and death was invariably due to peiitonitis Studies aie at present in 
pi ogress to test fuither the physiologic differences in high and low 
intestinal obstructions 
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CONGENITAL DEFORMITIES 

Toiftcollis — HowelU opeiated on twenty patients by means of a 
subcutaneous tenotomy of the sternal head of the sternomastoid mus- 
cle, with nineteen complete cures He used a plastei of pans cast foi 
four weeks , this was then bivalved and retained for anothei foui weeks 
Treatment by a masseuse completed the cure m from three to six months 

[Ed Note — The tenotomy of the sternal portion alone seems to us 
inadequate in many cases The simplicity of the open operation haidly 
wan ants the risk entailed m a subcutaneous operation ] 

Congenital Dislocation of the Hip — Fairbank - chose congenital dis- 
location of the hip as the subject foi the Lady Jones lectuie at Liveipool 
in 1929 The first half of the lectuie he devoted to pathologic anatom). 

This Report of Progress is based on a re\ie\v of 226 articles selected from 
638 titles dealing with orthopedic surgen appearing in the medical literature 
between No\ 30, 1929 and IMav 1 1930 Only those papers which seem to rep- 
resent progress haie been selected for note and comment 

1 Howell, B W Brit AI J 2 714 (Oct 19) 1929 

2 Fairbank H \ T Bnt J Surg 17 380 1930 
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basing his remarks on experience in fifty open operations on the hip 
joint and on a study of thiity-six specimens, many of which repose in 
Dupuytren’s Museum in Pans and are beautifully reproduced in the 
papei 

The anatomic changes in the pelvis, bones, ligaments and muscles 
were leviewed in detail Fairbank left his leaders to diaw then oivii 
infeiences from this mass of pathologic anatomy It would seem that 
the prime cause of the dislocation was the poor development of the upper 
nm of the acetabulum, and that this factor was further responsible for 
the prolonged immobilization required after reduction The difficulties 
of reduction were due (1) to diminution in the size of the acetabulum, 
which aftei a few j^ears became triangular because of the uniesisted 
overgiowth of the anterosupei loi and posterior margins, and (2) to a 
nan owing of the capsule between the true and false acetabulum socket 
This isthmus owed its origin to factois both outside and inside the 
capsule The nai rowing within the capsule was caused by a hoiizoiital 
fold of a synovial membrane situated at the level of the tiue acetabulum 
This fold was flattened out Avhen the head of the femur rode up on the 
ilium and folded up into a band when the head was pulled down toward 
the true acetabulum, thus impeding its progress The narrowing with- 
out the capsule was caused by the constriction of the iliopsoas tendon, 
which became more taut when the head of the femui was pulled down 
and so offered an obstruction to reduction These facts pointed to the 
choice of the Denuce method of reduction m preference to the Lorenz 
method In addition to the diminution in the size of the acetabulum 
and to the presence of the isthmus, a third difficulty of reduction existed, 
namely, the shortening of the adductor muscles, which it was necessarj 
to stretch or rupture prior to reduction 

In the second half of the lecture Fairbank discussed the causation 
of the limp, the reason foi pam in unreduced dislocations, and treatment 
He considered that the limp, though made worse b}'' the shorteiiiHi, 
of the limb, ivas due (1) to diminution in the power of abductors 
because of the restriction of the area of the ileum from whici t^^ 
muscles could arise, (2) to diminution in the leverage of the ab uct^^ 
muscles owing to the position of the head of the femur, (3) 
lelative weakness of the abductors because of the simultaneous P®''^ 
contraction of the adductors in their endeavor to transmit the weij,^ 
the bod}^ fiom the pelvis to the leg and (4) to the instabiht} 
fulcrum wffiich allowed the head of the femur to ride up an 
backward and forward on the ilium 

The aim of treatment, according to Fairbank, was at 

vide a stable joint and to prevent subsequent arthntis patient 

an early a^e alone ivould ensure this double success In t le 0 
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stabilit} might be acbie\ecl by reduction, but it was unlikeh that arthritis 
would be avoided, foi this reason Fairbank did not attempt to reduce 
a bilateral dislocation in patients more than 6 } ears of age, or a unilat- 
eral dislocation m patients o^er 9 

Fairbank resorted to open reduction onl} after closed reduction had 
failed, if he had to operate whether reduction was successful or not 
he alMa 3 S made a new roof b}”- turning down a bone shelf In his 
belief, antetorsion sufficient to demand osteotomy or to cause a redislo- 
cation uas rare He considered failure of the upper hp of the aceta- 
bulum to glow out a more potent factor leading to redislocation and 
when the hip redislocated in spite of efficient after-fixation he ad^ ocated 
making a new shelf He did not approve of transposition m irreducible 
cases, a procedure that he found difficult to use and one that was fre- 
quentl} followed relapse For the irreducible case m which increasing 
disabilit}’- and pain developed in adolescent or adult life he ad\ ocated 
arthrodesis of the hip on the affected side m unilateral cases and on the 
woise side in bilateral cases, but he w'^arned against fusing the joint in 
too much abduction Osteotoni) might be of value in a few selected 
cases m wdiich the pain w'as due not to arthritis of the joint but to 
strain on ligaments and muscle w^eakness He had no experience w ith 
the shelf operation advocated by Dickson and Allison, nor did he like 
excision of the head for old unreduced dislocations 

[Ed Note — The editors regard this general discussion as excellent 
in its general exposition of the question Thej would be moie inclined 
to faAor the shelf operation m the irreducible cases in preference to 
arthrodesis ] 

Mandruzzatto ® reporting the statistics on treatment for congenital 
dislocation of the hip at the Institute Orthopedico Rizzoli from 1899 
to 1927, stated that he found 3 685 dislocations in 2 578 patients Of 
these patients, 85 02 per cent w^ere females and 14 58 per cent males 
There w^ere 42 94 per cent bilateral and 57 06 per cent unilateral dislo- 
cations Of the latter group 39 02 per cent w ere on the right side and 
21 83 per cent on the left In females bilateral dislocation was found in 
36 96 per cent on the right side m 29 82 per cent and on the left in 
17 72 per cent In males bilateral dislocation was found m 5 97 per 
cent on the right side in 5 39 per cent and on the left in 4 1 1 per cent 

[Ed Note — The percentages are of total cases in males and females ] 

Infoimation in regard to herediti and tamilial tendencj was obtained 
in 2,276 of the 2,578 cases Direct hereditj was found m 6 54 per cent 
and was shghtlj greater on the male side A familial tendency w^as 
found in 16 69 per cent of the cases and was definiteh more marked on 

o Mandriizzato F Oiir d org di moMmento 14 200, 1929 
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the male side There was nothing to indicate that delivery had am 
definite idle in the etiology Concomitant defoimities occurred in 3 04 
per cent of the cases 

In the 2,578 cases diagnosis was made during the following age 
periods before 1 3 ^eai in 2 32 per cent , from 1 to 3 years in 47 36 per 
cent , from 3 to 6, in 29 36 per cent , from 6 to 10, in 9 65 per cent, fioni 
10 to 15, in 5 77 per cent, and after 15 years m 5 54 per cent The 
statistics showed that diagnosis is constantly being made at an earlier 
age 

The treatment was bloodless reduction by the Paci-Lorenz method 
m 88 48 per cent of the cases Open reduction was performed m 3 16 
per cent and some foini of reconstruction m 3 08 per cent The sta- 
tistics fuithei showed that theie was a regional distribution of the cases 

[Ed Note — These statistics from such an irapoitant clinic in the 
tieatment for this particular condition are significant We regret that 
they do not include a study of the end-iesults as well ] 

Pitzen * described a method of traction that had been used in Lange’s 
Clinic 111 cases of dislocation of the hip A dressing of zinc oxide glue 
was applied to the leg and covered with a plaster of pans cast Then 
traction was applied up to 12 Kg m an abducted position, which was 
gradually inci eased As soon as the trochanter was pulled down to the 
height of the acetabulum the abduction was increased 120 degrees 
With that method, Pitzen had been able to reduce severe dislocations 
with a high-standing head m patients up to the 'age of 8 years 

NUTRITIONAL DISTURBANCES OF THE BONE 

Osteitis Fihiosa Cystica — Hannon, Shoir, McClellan and Duhois, 
Bauei, Albright and Aub,« and McClellan and Hannon ' reported studies 
made m sequence in a case of osteitis fibrosa cystica Studies vere 
made particularly of the calcium and phosphorus metabolism 
calcium excretion lemained constant at a fairly high level A 
calcium balance with a high calcium intake was secured The ca ciu ^ 
metabolism was almost identical with that of a patient receniUb 
100 units of parathyroid extract-Colhp Two parathyroids 
lemoved. the stud}" of which revealed no abnonnaht} The ca^^^ 
metabolism was unaffected by their removal With a diet 

4 Pitzen Ztschr f orth Chir 52 529, 1929 

5 Hannon, R R Shorr, E , McClellan W S , and Dubois, E 

In\ estigation 8 215, 1930 o 22^ 

6 Bauer, W , Albright, F , and Aub, J C J Ciin Im e tig< 

1930 „ ]C31 

7 kIcClellan, W S, and Hannon, R R J Chn In\ csti^-atio 
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calcium and with the addition of calcium lactate, loentgenograms showed 
a progressne increased density of bone and a deciease m the size of a 
cyst in the femur Changes in phosphorus intake, which theoi etically 
should aftect the calcium, had no effect on calcium letention Pituitary 
extract produced a marked inciease in fecal calcium elimination, while 
thyroid extiact inci eased the excretion of calcium in both urine and 
feces 

Spotted Bones — Newcomet® desciibed a single case of “spotted 
bones” or osteopoeciha which occuiied in an Iiishman aged 50 It was 
discovered accidentally when one hand was subjected to loentgen exam- 
ination for a supposed fracture The lesions weie generalized in can- 
cellous bone and veie S3mptomless The etiolog} was unknown and 
the prognosis good 

TUBERCULOSIS 

Tubei cidosis of the Hip — Roedeier® obseived five patients with 
juxta-articular tubei culosis dei'eloping in the iim of the acetabulum and 
giving rise to disease of the hip The process developed slowh , and it 
was a long time before symptoms appealed in the hip This corie- 
sponded to the period of extra-articulai osteitis The diagnosis dm mg 
this period was difficult The roentgenogiam often was not clear, par- 
ticularly when the lesion was situated on the anterior or posterioi lip 
of the acetabulum Once the s3mptoms of aithritis had set in, the 
evolution was rapid 

Sorrel,’-® in a summary of his lepoit to the thirt3 -eighth Congres 
frangais de chiruigie ( 1929 ), discussed the indications and the results 
of fusion operations in Pott’s disease Two leasons made it difficult to 
appraise exactly the value of opeiations The disease was gieatl3’- vari- 
able, as to both seieiit3" and t3"pe In children, healing took place often 
with complete cicatiization of the lesion and bon3’^ fusion In the adult 
complete healing seldom took place It uas necessan to obsei\e a 
large senes of patients foi a long time A small series might gwe an 
entirel3" eironeous idea The second leason was that it was not knoun 
exactl3’- how to pioduce osteosMithesis Was its action that of a splint 
to the spine alone oi to the spine and the entiie lesion Did it modi f 3" 
the vasculai supph ’ Was it simph’- palliatue 01 lealh cuiatne’' 

Sorrel ad\ocated no operation in children In adults the operation 
■was adiisable, but it -was difficult to decide on the time m some 
instances the diagnosis could not definiteh be made In others it was 

S New comet S -Km T Roentgenol 22 460 1929 

9 Roederer C Presse med 37 1925 1929 

10 Sorrel E T de chir 34 439 1929 
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difficult to deteimine if the lesion was mactne or healing undei ortho- 
pedic measuies At all events, the opeiation should be performed at 
the period of least viiulence He used both the rigid graft of Albee 
and the flexible graft of Dijaiier or Delangiere For cervical Pott’s 
disease, he advocated a plaster bed, in otheis, a hard bed in the pi one 
position for six months, and then a coiset of plaster or celluloid foi 
a year 

In 106 patients during ten yeais he had 60 excellent results, 21 good 
results, 9 neithei good nor bad, and 16 bad He noted that it was diffi- 
cult to value the operation alone because of the associated general and 
orthopedic care 

INFANTILE PARALYSIS 


Poliomyelitis Aiitisfi epfococcns Seimn — ^Rosenow^^ said that a 
streptococcus having peculiar neurotrophic and immunologic properties 
on isolation had again been cultivated from the throat, brain and cord, 
and for the first time m pure culture from the spinal fluid m cases of 
typical polioni} elitis occur ring in another epidemic It had been demon- 
strated consistently m smears of the spinal fluid m twenty-three patients 
and 111 each of twelve monkeys that had typical poliomyelitis following 
inoculation of virus It was proved to be absent m the spinal fluid 
before the virus was injected 

The results from the use of poliomyelitis anti streptococcus serum 
were observed m the treatment of an additional senes of patients with 
epidemic poliomyelitis and of monkeys wutlr experimental poliomyelitis, 
in neutralization of virus in vitro, and in immunization of monkeys with 


the streptococcus against poliomyelitis virus 

The curative action of the serum m the tieatment m this new series, 

as in several previous series of cases of poliomyelitis, seemed uninis 

takable and wms manifested in one or more of sereial ways 

mg S 3 mptoms, such as headache, pain, hyperesthesia, fever and a 

pulse late, often disappeared promptly Paralysis seemed to be prc^ 

vented if the serum was given m the preparalytic stage before 

was marked evidence of involvement of the spinal cord 

sive paralysis was seemingly arrested in many cases, including ms 

beginning bulbar symptoms, and the death rate and mci enc 

residual paialysis rvere markedly lowered 

The results obtained from serum treatment were 

those reported previously by Rosenow, Rowan, Sugg, Clar 'e ^ 

and Dively The results from the use of the poliomyelitis an 

- - \ M 

11 Rosenow, E C Poliomj elitis Streptococcus Serum. J 

(March 15) 1930 
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COCCUS serum compared favorably with those reported by Aycock and 
Luther, from the use of convalescent serum The total mortality rate 
(10 per cent) in this series of patients, as in those reported previously, 
was far lower, especially when the seium was given m the early stages of 
the disease (m which the mortality rate was 4 per cent), than in the con- 
trol cases occuriing in the same epidemic (33 per cent), and was fai 
lower than that which usually occurred m this disease (25 per cent of 224 
cases occurring in Minnesota m 1928) 

Since the results from the use of this serum in the prevention and 
treatment of experimental pohom)'^elitis in monke)^s were in agreement 
with the striking beneficial action again noted m clinical cases, it was 
concluded that poliomyelitis antistreptococcus serum, when properly pre- 
paied, had curative power in poliom 3 '^elitis Its further trial, especially 
in the concentrated form in which serum reactions were largely elim- 
inated, was indicated 

Epidemic of Poliomyelitis — Lomer and Shirref gave a resume of 
the poliomyelitis epidemic in Ottawa in 1929 Of 181 patients suspected 
of having the disease, the diagnosis was established m 141, and these 
persons were treated, 109 patients recovered completely, 29 recovered 
with paralysis, 2 died with paralysis and 1 died without paralysis Con- 
valescent serum was given intramuscularly to all 115 patients admitted 
without paialysis, 109 of these patients recovered completely, 5 recov- 
ered with partial paralysis and 1 died without paralysis 

Expenmental Poliomyelitis — From a careful study of the epidemi- 
ology of poliomyelitis, Aycock postulated a constant virus reservoir 
in a community through which the disease was disseminated by direct 
contact In this way about one person in fifty was exposed each year, 
the exposure in most cases producing subclinical immunization The 
disease occurred in childi en because they were the nommmunized persons 
m the community He expressed his belief that the cause of seasonal 
vaiiation in a number of patients was not crowding of the schools, but 
a seasonal change in indiMdual lesistance He felt that one can in no 
way control the virus, and that one’s efforts should be directed toward 
raising individual resistance in the prevention and control of this 
disease 

Inti adci mal Immunization of Monkeys zvitli One Set of Injections 
of Poliomyelitis Vii ns — Rhoads attempted to immunize four monkeys 
against poliom} elitis b} one intradermal injection of poliom} elitis virus 

12 Lomer T A , and Shirref, W T Canad M A. T 22 228, 1930 

13 Ajcock, W L Am J Pub Health 20 41, 1930 

14 Rhoad";, CP J E\per Med 51 1, 1930 



546 


ARCHIVES OF SURGERY 


He gave multiple injections intiadermally ot 16 cc of a 5 pei cent 
saline suspension of the glycei olated spinal coid of a monkey infected 
with pooled, mixed poliomyelitis vnus In none of the monkeys were 
there any symptoms of poliomyelitis One month later the monkejs 
were bled and neutralization tests weie earned out Active immuniti 
was produced in each of the four monkeys 

[Ed Note — Aycock’s explanation is interesting and seems plausible 
Rhoads’ expel iment in immunizing monkeys may be a stepping stone 
toward immunization of human beings We doubt the willingness ot 
anyone at present to be immunized with living vnus] 


PYOGENIC INFECTION 


Osteochondutis of the Symphysis Pnhis — Pierson'® repoited four 
cases of nontubei culous osteochondutis of the sjmiphysis pubis Tuo 
cases followed supiapubic prostatectomy, infection presumably occurred 
at the time of opeiation or subsequently due to erosion from the closely 
apposed drainage tubes One of these patients died of general sepsis 
A thud case occuired without appaient cause and was cleaied up bj 
drainage The cultuie show'ed Staphylococcus aiacus The final case 
developed after a septic heiniotomy Pieison expressed his belief that 
this condition ivas piobably moie common than is usually supposed, as 
Beer had seen one case each year for the past twehe j^'ears All the 
cases followed suprapubic piostatectomy, and lecovery took place with- 
out drainage The symptoms usually weie tenderness over the sjm- 
physis pubis, pain down the legs and exaggeration of symptoms on 
motion The i oentgenogi anis helped lelatively little as there is a mde 
\ariation in the i oentgenogi ams of the normal pubic symphysis 
Juxta- Articular Osteitis — Fiom a stud^ of 168 cases of juvta 


aiticular osteitis ot vaiious types, Andiieu''* concluded 1 There arc 
cases of osteitis in wdiich the evolution, the diagnosis and the prOj,nos 
are piofoundly modified by the fact that the condition is close to a joi 
2 These cases occui m persons of all ages, but are more common 
infancy and paiticulaily m eaily infanc} 3 The symptoms 
clearcut The symptoms arising from the leaction in the 
are the most impoitant 4 In the presence of signs of chronic 
followung successne abscesses, after haring eliminated the ra 
causes of articular inflammation, one need not make a diaj,no 
iheumatism, one should always think of the possibihtr o a J 


15 Pierson E L Surg Gynec Obst 49 834, 1929 

16 Andneu, !M Rer d’orthop 16 522, 1929 
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aiticular osteitis 5 The duration of the evolution can be extremely 
long 6 The immediate prognosis depends on the menace of the osteitis 
to the neighboimg joint 7 The treatment must be directed toward 
pieservation of the articulation 8 In osteitis of the hips one must 
choose cases in which surgical approach seems easy, otherwise treat- 
ment should be conservative 9 When either conseivative or operatne 
tieatment is used, the joint must be immobilized until all symptoms 
have disappeared 

NEOPLASMS 

Changes tn Piimaiy and Metastatic Tumois of the Bone Following 
Vai tons Doses of Roentgen Rays — Herendeen said that the response 
of primary tumors of the bone or the changes induced by the application 
of a known amount of roentgen or radium rays could be predicted with 
a fair degree of accuiacy provided that certain other information was 
available Fust of all, one should know the age of the patient, equally 
important was detailed knowledge of the chaiactei of the tumor in a 
given case By character was meant the degree of malignancy rate of 
growth, size, location, oiigin and tendency to produce or destroy bone 

In the order of sensitivity to irradiation, primary tumors of the bone 
might be classified as follows (1) endothelial myeloma or Ewing’s 
tumor, (2) giant cell tumor, (3) multiple myeloma, (4) osteogenetic 
saicoma of the destructive type, (5) osteogenetic sarcoma of the mixed 
or destructive and productive type and (6) osteogenetic sarcoma of the 
sclerosing, bone-producing type 

Herendeen warned against the use of heavy dosage m the treatment 
for giant cell tumors Not only might heavy doses be followed b) 
severe, unnecessary leactions or pathologic fractures, but more impor- 
tant, bone regeneration was likely to be retarded 

Fiom the data accumulated to date, Flerendeen concluded that roent- 
gen treatment of giant cell tumois had passed the experimental stage 
and that with few exceptions the results from every angle were far 
superior to those secured bv surgical measures 

Ewing's Sai coma Small Round Cell Sai coma of the Bone — Cope- 
land, Geschicktei and Bloodgood studied sixtj cases of Ewing’s sar- 
coma They found that it comprised 15 per cent of 400 cases of sarcoma 
of the bone It was predominantly a disease of early life, 95 per cent 
of the patients weie less than 25 years of age There was a definite 

17 Herendeen, R E Radiologj 13 326, 1929 

18 Copeland, M M , Gcschickter, C F, and Bloodgood, J C Ewing’s Sar- 
coma, Small Round Cell Sarcoma of Bone, Arch Surg 20 246 (Ecb ) 1930 
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history of trauma in 22 cases Intermittent pain, increasing m seveiih 
and frequency, was the predominant symptom A tumor, either small 
or involving the whole bone, was palpable m 90 per cent of the cases 
The long bones were most frequently involved Pathologic fractures 
were lare Fevei was observed with the metastases and often in the 
early stages with growth of the tumor Bence-Jones bodies were never 
found in the urine Except for occasional secondary anemia, nothing 
unusual was found in the blood Roentgenograms showed a diftuse 
lesion near the midshaft Increased density of bone with a widened 
cortex was the commonest observation There was slight periosteal 
reaction with occasional osteophytes parallel to the cortex Tumors in 
the soft parts were usually encapsulated by a thin fibious tissue The 
micioscopic features were found to be the best ciiteria for diagnosis 
The tumor consisted of small polyhedral cells in compact areas with 
round or oval nuclei and with scanty cytoplasm Necrosis of cells was 
observed in areas a little lemoved fiom the blood vessels In all 


cases in which metastases occurred (43 cases) the patients died The 
commonest site for metastases was the lung , the skull, spine and scapula 
were next in frequency The patients studied had lived from twenty 
months to nine years after the onset of symptoms, 8 of them being 
alive and apparently well In most of the cases the fii st diagnosis had 
been inflammatory disease of the bone, a condition which the earl) 
roentgen appearance closely simulated The treatment found to be best 
was m the lower extremity, amputation below the uppei third of the 
femur, followed by iriadiation , m the upper extiemity, resection fol- 
lowed by irradiation Fiom this study the authors could not determine 


the origin or histogenesis of the tumor 

Chondrosarcoma of the Bone — Phemistei objected to the mchi 

Sion of chondrosarcoma under the heading of osteogenic sarcoma, as 
had been done in the present Registry of Bone Tumors Of sixt) one 
cases of sarcoma of the bone studied he found ten which showed 
cartilaginous cells that could be designated as chondrosarcoma uc 
tumors cast charactei istic, blotchy, irregular shadows in the roentj,en ^ 
gram Although they grew rapidly, they usuallj gave rise to metast^ 
much later and consequently the prognosis was better 
arise either centrally or peripherally in the ends of the bone s la 


might invade the veins, creating thrombus formation ^ 

[Ed Note — Copeland et al have summarized in admirable f^ ^ 
their observations in this peculiar condition Their vork siou 


19 Phemjster D B Surg Cynec Obst 50 216, 1930 
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guide to any one who studies Ewing’s tumors The articles b} Heren- 
deen and Phemister are also enlightening, and make us feel that real 
progress is being made in the knowledge of tumors of the bone ] 

ARTHRITIS 

Calcium Metabolism in Aithutis — Copp made an intensne stud} 
of the calcium metabolism in one case of atrophic arthritis and in one 
case of hypertrophic arthritis He found a retention of calcium m 
hypertrophic arthritis and a loss of calcium in atrophic arthritis In 
general, he found that all acids increased the excretion of calcium With 
sodium bicarbonate there was also an increased excretion of calcium 
Phosphoric acid caused better retention of calcium than an} other drugs 
administered This acid \ias given m the dilute form 20 drops before 
meals 

Results of Blood Cultiiie in Acute Polyai tin itis — Jordan and 
Boland studied the bacteriolog}’’ of the blood in thirty-tv o cases of 
acute arthritis with multiple imolvement of the joints As controls 
they made blood cultures on sixteen patients in the same hospital who 
were suffering from various diseases, but with no imohement of the 
joints In the cases of arthritis the diagnosis was acute rheumatic fe^er 
or subacute articular rheumatism Of the sixtj-seien blood cultures 
made in cases of arthritis, thirty-seven remained sterile for one month 
or longer, thirteen show ed contaminations and sixteen show ed organisms 
a gram-negatn e short bacillus and a few plates on subculture, and a 
gram-positne club-shaped bacillus No arthntis was produced in rab- 
bits by the lntra^enous inoculation of these organisms Of the twent}- 
three cultures made in control cases, sixteen remained sterile and se\en 
show’^ed contaminations 

[Ed Note — ^The results of these authors seem as inconclusne as 
those of the many other workers who have attempted to stud} the bac- 
teriologic aspects of arthntis It seems impossible to isolate a specific 
organism at present, but it is hoped that some progress will e^entuall} 
result from the -last amount of data being accumulated ] 

Sympathetic Ganglwnectomy — xAdson and Rowntree -- ha\e applied 
s} mpathectoni} (lumbar and ceiwicodorsal ) to cases of chronic poh- 
arthntis Patients w ere selected in w horn the disease had not progressed 

20 Copp Err Calcium Metabolism m \rthntis Arch Int Med 45 
136 (Tan) 1930 

21 Jordan E P, and Boland TP J Infect Dis 46 14S 1930 

22 Ad'on A W and Rovntree L G Surg G\nec Obst 50 204 1930 



550 


ARCHIVES OF SURGERY 


tai enough to cause destiuction of the points and in whom all known foci 
of infection had been lemoved The authois also drew attention to the 
vasospastic syndrome which had been teinpoiaiily relieved by baking 
diathermy and vaccines The presence of the \asospastic syndrome was 
deteimined in each case by Brown’s “fever test” in which, aftei the 
injection of foieign protein, simultaneous readings of the temperatures 
of the mouth and skin were made Sympathectomy had not been applied 
to arthiitis of gonorrheal oiigin 

Six cases were carefully leported In these sympathectomy had 
been done on either the lumber or the ceivicodorsal sympathetic chain 
or both, depending on the extremities involved Unless the arthritic 
destruction of the joint was too advanced to peimit a return of function, 
the patients without exception improved They gained iveight, and the 
motion of the joint improved The moisture, coldness and feeling of 
heaviness of the extiemity diminished and the muscle power increased 


Paraihy} oidectomy in Ankylosing Polyai tlinfis — Oppel-^ stated 
that his investigations and also those of three other Russian observers 
showed that a majority of the patients suffering with atrophic, ankj* 
losing arthritis had a high calcium level in the blood and a decrease in 
the electro-excitation of the muscle These conditions, he observed, 
were the opposite of those found m tetany He therefore leasoned that 
parathyroidectomy might be indicated in such cases Samarin found 
improvement in 33 per cent of forty-nine patients following the remoial 
of two paiathyioids Oppel expressed his belief that such an operation 
piimanly destroyed the hypercalcemia, stopped the progress of ankylosis 
and beneficially influenced the function of voluntary muscles 

[Ed Note — T his woik seems highly experimental, and careful 
data are not presented to convince us that parathyroidectomy is justi 


in chionic arthritis ] 

The Lai ge Bowel in Chionic Aithiihs — Fletcher and 
made a roentgen examination of the laige bowel m sixty patients 
chronic arthritis In 65 per cent of these patients they obsened 
that they considered abnormal There were changes in tone, 
mai kings and length Atony was sometimes seen in the w 
though usually in the cecum where it might be extreme These 
malities Avere markedly'’ improved by dietetic treatment with co 


iniproc ement in the arthritis 


23 Oppel, W A Ann Surg 90 978, 1929 

24 Fletcher, A A , and Graham, D Am J Sc 179 91, 1 
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The Colon m Relation to Clnonic Aithutis — Fishbaugh empha- 
sized the importance of eliminating the colon as a focus of infection in 
the patient with chronic arthritis He had followed a series of sixty 
female and fourteen male patients, in whom, after all other foci had been 
eliminated, the colon was found to be the disturbing factor The larious 
etiologic factors were chronic constipation, chronic or subacute colitis, 
bands or adhesions, dnerticula, rectal C 3 St or hemorrhoids Roentgen 
examination of the colon for four or more successive dars was of great 
aid in detei mining the diagnosis of sluggish colon Except in cases 
requiring surgical measures, treatment consisted of a bulk}’- diet, mild 
laxatives, and iriigations with a cecal tube After irrigations an active 
culture of acidophilus was left in the cecum Eight cases were not fol- 
lowed , of the remaining seventy-tw’o, forty-tw’o were quiescent, tw'ent} - 
two show’ed impro\ement and eight no improvement after treatment 

Spondylitis Defoi mans — Shanz noted that the bony proliferations 
in spond}litis w’ere more pronounced on the right side than on the left 
He felt that on the left the aorta acted as a support to the spine He 
thought that this same factor w'as involved in scoliosis in which the 
dorsal curve w’as tow’ard the right m the majont}’ of cases 

CIRCULATORY DISTURBANCES 

Volkinann’s Ischemic Paialysis — Meyerding reported on 128 
cases of Volkniann’s ischemic paral}sis observed at the iMayo Clinic, in 
36 of these operation was performed The aYerage age of the patients 
was 24 }ears and the avereige duration of the contracture, three }ears 
the lesults w’ere most encouraging m }Oung patients wuth recent injur} 
The patients in group 1, with deformity of se-veral days’ or weeks’ 
duration, w hose hands show ed the t} pical claw like contracture, but w hose 
arteries pulsated well and whose hands w’ere w’arm, practical!} all 
responded to treatment wnth the Jones extension splint Group 2 con- 
sisted of those who had deformity of several months’ duration with 
cold hands and diminished pulsation, but w’hose fingers could still be 
brought out straight These patients responded less faYorabh to the 
Jones method of treatment }et one hesitated to operate until the treat- 
ment b\ gradual extension had been gnen a fair trial Group 3 con- 
'sisted of patients who w’ere older and m whom the contracture was of 

25 rishbaugh, EC \in J Surg 7 561, 1929 

26 Shmz A Ztschr f orth Chir 53 42 1930 

27 Mc\ erdmg H W Volkmann «: Ischemic Contracture T \ M A. 94 
394 (Feb S') 1930 
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longer duration These patients had marked deformit}'' and atiophy, 
and because of contracture of the capsules the fingers and \Mists could 
not be stiaightened easily, even with foice The pulsation was impaired 
and the muscles were ropelike on the flexor side Theie were scars fiora 
sloughing with impaiiment of motion at the elbow and of supination 
These patients demanded surgical procedures Definite benefit could 
always be expected as far as correction of the deformit} was conceined, 
but the loss of function in the muscles and the subsequent changes in 
the bones produced partial impairment of the extremity Theie was 
little to be gamed by the treatment of patients m group 4, although the 
deformity might be corrected by tenotomy and osteotomy, little function 
lesulted and the impairment in circulation and the involvement of nerves 
sometimes necessitated amputation A combination of gradual pieopera- 
tive and postoperative extension with lengthening of the tendon and 
neurolysis followed by physiotherapy was often indicated 

Peripheral Vasciilai Diseases — ^Adson and Blown"® said that s}m- 
pathetic ganglionectomy and ti unk resection was a surgical procedure of 
considerable magnitude which one was justified in using in the tieatnient 
of patients with advanced Raynaud’s disease, in the earl}’- develop- 
ing vasospastic cases of scleroderma, in cases of thrombo-angiitis oblit- 
erans and in othei cases in which vasospasm of the collateial arteries 
existed The operation was probably indicated in other and borderline 
cases, but should be employed with caution, for the piocedure was not 
a cure-all for all peripheral vascular diseases The authois had operated 
on SIX patients with Rajmaud’s disease of the feet In every case com- 
plete and peimanent relief had been obtained Four patients with sclero- 
derma had been opeiated on In early cases in which the scleioderma 
was less maiked, the results had been excellent and a consenative esti- 
mate was from 70 to 80 per cent relief They behei’^ed that more 
effective treatment of patients with sclerodeima depended largely on 
early diagnosis and the institution of therapeutic surgical measures 
before fibrosis and atrophy had taken place Opeiations had been pec 
formed on twenty patients with thrombo-angntis obliterans of the loner 
extremity Four of these had been failuies m that amputation had ha 
to be perfoimed in from two weeks to a yeai after operation In 
teen patients the surface temperature had increased, but not to the 
observed in Raynaud’s disease The increase in the elimination 

28 Adson, A W, and Brown, G E Thoracic and lumbar SunpatIi|'C 
Ganglionectomy in Peripheral Vascular Diseases, J A SI A 94 ^ 

1930 
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heat, relief of pain and healing of ulceis had fiequently been spectacular 
In foui cases thoracic S 3 'inpathettc ganglionectomy had been performed 
foi thrombo-angiitis obliterans afiecting the hands The results had 
been eminently satisfactoiy The authois said that about one of every 
SIX or seven cases observed in the last two yeais had fulfilled require- 
ments as far as the indications believed necessary for the opeiation were 
concerned 

Discxsns or the nervous systeji 

Sympathectomy — Leiiche and Fontaine-® studied (1) the cicatiiza- 
tion of sympathetic tiunks which had been sectioned and (2) the patho- 
logic role of neuromas of sympathetic cicatiization On the basis of two 
observations, they believed that the cicatiization might explain the recui- 
lence of symptoms after a peiiod of amelioialion The symptoms might 
be topographically difteient, but of the same geneial t}pe as the oiigmal 
trouble Such cicatrices might gicath dimmish the theiapeutic lalue of 
sympathectomies 

Peiiodic Paialysts — Yoshimiiia®® obsened that peiiodic paial>sis 
of the extremities was often concuirent wuth diabetes oi wnth glj'cosuiia 
Examination of blood diawm during an attack of paral}sis showed that 
the magnesium content w'as fai in excess of the calcium content It is 
known that magnesium has a paralyzing eflect on the neuiomusculai 
apparatus In expeiiments on animals the authoi obseived that either 
the admmistiation of the magnesium oi the mtiavenous injection of 
dextiose led to t) pical paralysis of the extremities In a patient to whom 
dextrose was administeied duiing an attack of paralysis of the extremi- 
ties the paralj^tic symptoms became moie seveie Aftei the injection 
of calcium, however, the paralysis subsided On the basis of these 
observations the authoi concluded that the etiologic factoi m periodic 
paralysis of the extremities was a shifting of the calcium-magnesium 
equilibrium of the blood serum 

Myelofadicuhti^s — Stiauss and Rabiner®^ leported seven cases of 
acute invasion of the nerve loots and spinal cord for w'hich they had 
coined the name myeloiadiculitis In all cases there had been a rapid 
onset after slight malaise and with infection of the uppei lespiiatory 
tract in most cases The symptoms had been radiating pain, occasionally 
with areas of hy'^po-esthesia or hypeiesthesia, and weakness of the 

29 Lenche, R , and Fontaine, R J de chir 34 439, 1929 

30 Yoshimura, K Munchen med Wchnschr 76 1921, 1929 

31 Strauss, I , and Rabiner, A M Myeloradiculitis, Arch Neurol S. Psv- 
chiat 23 240 (Feb ) 1930 
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extremities with flaccid paralysis in three cases In several instances 
there had been transient distuibance of sphincter control In all there 
had occuiied lapid and piactically complete lecovery m from eighteen 
houi s to two months Intravenous typhoid therapy had been used, but 
ieco\ery had been so lapid that its value in this condition could not be 
estimated 

[Ed Note — The similanty between the cases reported and others 
that we have seen diagnosed poliomyelitis is striking Further informa- 
tion will be required to give a clearer understanding of the difference, 
if any exists ] 

(To be continued) 
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THE OPERATIVE TREATMENT OF LESIONS OF THE 
LOWER EXTREMITIES IN DIABETES MELLITUS ' 

LELAND S McKITTRICK, iUD 

AM) 

THEODORE C PR VTT, MD 

BOSTON 

The piesent lepoit is based on 281 opeiations peiloimed on the 
lowei extiemities of patients witli diabetes inelhtiis and co^els a seven 
) eai peiiod ending Dec 31 1929 Seefiguiel In oidei to standaidize 
as many factois as possible patients opeiated on by othei inembeis of 
the staff and a laige numbei tieated without opeiation ha^e not been 
included 

TREAT MCNT OF THE PATIENT 

Medicall) these patients haic been taken caie of by Di E P Joshn 
and his associates Dis H F Root, P White and W Cuitis, oi by Dr 
F G Brigham, his associate Di W Stevens and his foimei associate Di 
R R WlieeJei The patients have lemained thioughout, undei the 
diiect caie of the internist who has assumed lesponsibility foi all med- 
ical piobleins that aiose It has been his pinilege to question the suigical 
pi ogress of the patient if i espouse to diabetic tieatment was othei than 
that expected, a peisistent high level of the blood sugai oi an unusual 
resistance to insulin fiequently being the fiist sign of sepsis in an 
amputation stump or of undiained pus in a foot It has been his duty 
to make opeiation as safe as possible at any time it was indicated and, 
subsequently to safeguaid the patient from coma oi hjpoglvcemia 

A patient enteiing the hospital with a lesion of the foot is seen Ev 
the surgeon some time on the day of admission and within a few horns 
if extensive infection is piesent Once the snigeon has seen the lesion, 
the entire responsibility for its tieatment is his AVith few exceptions, 
the time of opeiation is detei mined by the condition of the foot lathei 
than by the condition of the patient and lests theiefoie with the surgeon 
In geneial, opeiation is done as soon aftei admission as a definite decision 
IS leached as to the type of opeiation indicated sometimes within a few 
hours, usually within twenty- foiii The suigeon, too, must decide on 
the type of opeiation to be peifoimed and if it is amputation, the level 
at which it should be done It would be an unwise suigeon, howevei, 
who did not freely utilize the stoie of information his medical confieie 

^ Submitted for publication, ilarch 1, 1930 
From the New England Deaconess Hospital 
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has available relative to many factois that influence the operative pio- 
cedtiie 

CLASSIFICATION OF CASES 

In the tieatment, as well as in the discussion, of so-called “diabetic 
gangiene,” a definite undei standing of the type of lesion undei consid- 
eiation is essential Oui expeiience has been entiiely in accord with 
that of Collei and Maish ^ who in 1925 stressed the inipoitance of propei 
classification It has been oui custom to consider a given lesion as due 


* 



Fig 1 — \ diagram representing the disposition of eighti'-four cases o 
of the lower extremities during the year 1929 cou»‘C'^ 

*In these three cases, reamputation was done, thej are 
again under ‘ thigh amputations” (2) and Gntti-Stohes amputations 


piimaiih eithei to infection oi to aiteiial mstifficienci with or i 
infection In the foimei instance the blood supply may be ai 


but in 


such 


iij. j. xil iUlillC-l i i. ^ 

even to the absence of pulsation in the peiipheial vessels 
cases the collateral cii dilation has been developed to such a po 


the foot IS waim and essentially normal in appearance 

I 

1 Coller, F A and ftfarsh P L Lesions of the^ Extremities « 

with Diabetes Mellitus, J -y ]\I A 85 168 (Juh 18) 19-o 
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jNimiioDS or rxA^riNATiON 

Almost without exception, decisions aie based on clinical obsciva- 
tions We know of no suitable laboiatoi) tests foi the deteimination 
of the viability of a given loot undei the existing conditions In piepa- 
lation foi the examination the legs of the patient liom midthigb down 
aie exposed to loom tempeiatuie foi at least five minutes J be most 
impoitant points m estimating the ciiculatoi> backgiound of a foot aie 

Paw — A histoiy of pain on walking lefened eitbei to the calf ot 
the leg or to the plantai sui face of the foot suggests failing cii dilation 
If aftei seveial months of such pain the patient becomes comfoi table 
be may be consideied to have developed a good collateial cii dilation 
Seveie pain at lest that is out of piopoition to the infection piesent indi- 
cates a well del eloped aiteiial insufficienc} and is a bad piognostic 
s}'mptom 

Appeal ancc — The moie noimal the appeaiance of the foot, the bet- 
tei IS the cii dilation The foot is examined in the boii/ontal elevated 
and dependent positions In a foot with failing cii dilation the skin is 
fiequently smooth thin and paicbment-like, and the noimal contoui of 
foot and toes is gone Such a foot on elevation quickly assumes a 
cadaveiic palloi which disappeais veiy slowh when the foot is boii- 
/ontal, when the foot is dependent it becomes dusk) oi led and sbm\, 
with tense, distended supeificial veins 

Tcmpciatiu c — Tempeiatuie changes aie elicited b) palpation with 
eithei the back oi the palm of the hand Beginning above the knee a 
companson is made between cliff eient levels of the same leg and similai 
levels of both legs A foot that undei loom conditions is cold to the 
touch has a bad ciiculatoiy backgiound A sudden change of tempeia- 
tuie at some point in the leg denotes, as a lule, absence of much collateial 
aiteiial development In geneial changes in tempeiatuie confoim with 
changes in coloi and aie most maiked with the foot dependent 

Palpation of Pcnplicial Feew/s — ^The most impoitant single blood 
vessel IS the doisalis pedis aiteiy Noimally, pulsation can usually be 
felt Bueigei - found it m all but one of two hunched appaiently noimal 
feet We considei the piesence of good pulsation in this aitei) to be 
one of the most impoitant obseivations Any local opeiative piocecluie 
undei taken m its absence must be clone only aftei caieful considei ation 

CONDITIONS DUE PRIMARILY TO INFECTION 

In the gioup of conditions clue piimaiily to infection fall oui most 
impoitant cases TIeie, caiefully selected and piopeilv done opeiations 
followed by painstaking aftei -caie ha\e fiequenth lesultecl m sacing 

2 Buerger Circulaton Diseases of the Exticmities, Philadelphia, W B 
Saunders Compauv, 1924, p 132 
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useful feet Piopei piophylaxis would have pi evented operation One 
01 more of the following obseivations are common to this group 1 
Pulsation of the doisalis pedis aiteiy is usually present 2 The foot 
IS waini and of good color It may be definitely cooler to touch than 
the knee, but there is no definite level at which the change is obvious 
3 Osteomyelitis without gangrene is common 4 Pain is only in pio- 
portion to infection and usually less than that fiom a similar lesion on 
the foot of a patient without diabetes Not infrequently there is little 
or no pain, and the affected part is almost anesthetic 5 Gangiene is 
found only in the piesence of seveie infection or aftei trauma 

Local operations m this group are frequently successful and usually 
safe 

CONDITIONS DUE PRIMARILY TO ARTERIAL INSUFFICIENCY 

Extremities m which theie is an insufficiency of arterial ciiculation 
aie characterized by the following observations 1 No pulsation is 
piesent in the peripheial blood vessels including at times the femoral at 
the groin 2 The foot is cold, blanches on elevation and becomes dusky 
or red and shiny when dependent Between the midfoot and the knee, 
there is fiequently a definite level at which the temperature changes 
3 Osteomyelitis with gangrene is common 4 Pam is nearly always 
out of proportion to the local lesion 5 Gangrene is common 

Local operations m this gioup are rarely successful and frequentlv 
are dangerous Infection plus a painful, pulseless foot is the beginning 
of most cases of septicemia 

NATURE OF INFECTION 

It IS impossible by clinical appeal ances to deteimine the character of 
the organism at fault Some of the feet, the type so frequently referre 
to as showing “had streptococcus infections,” have pioved m cultures to 
be infected with Staphylococcus aureus or albus For the dia eti 
patient, the most impoitant single oiganism is probably Staphylococcii 
albus Not only may it be the cause of a fatal septicemia, but its tin 
versal pi esence in the skin makes it the most common organism oca 
It is likely that the lowered resistance of the diabetic patient 
organism oidinaiily consideied moie oi less nonpatliogenic to 
of clinical importance We have seen two cases recently ni n nc 
recoveied fioni the local lesion and repeatedly m puie culture ro 
blood stieam One of these (fatal) was seen at anothei 
patient had a viiulent infection, with gangiene, m spite of goo 
pulsation In our patient, the oigamsms were also at 

cultuie from a section of an aitery and a vein removed roin 
the time of a guillotine amputation This patient con ime 
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inent of Waiien® that this oigamsm is oiclinanly easily killed in the 
blood stieam He did well after a guillotine amputation through the 
upper third of the lower leg followed two weeks later by a Gntti-Stokes 
amputation (fig 2) 

Anaeiobic organisms of the Bacillus ‘ivclchii group are undoubtedly 
often present in gangrenous tissues Tannei ■* reported nine cases of 



Fig 2 (case 51931) — Chart showing progress of a man, aged 52, who had 
extensn e infection of the left great toe with destruction of both phalanges and exten- 
sion to the sole of the foot A culture from the wound resulting from the amputation 
of the toe, Dec 13, 1929, showed Staphylococcus albus Blood cultures, Dec 12 and 
Dec 19, 1929, showed Staphylococcus albus A section of artery and vein obtained 
under sterile conditions at the level of the guillotine amputation through the lower 
Dec 21, 1929, showed Staphylococcus albus The failure of amputation of the 
toe and drainage of the foot to influence the temperature suggests the presence of 
organisms m the blood stream Note the sudden and permanent drop of tempera- 
ture to normal following the guillotine amputation Gntti-Stokes amputation was 
done Jan 7, 1930, and the patient w^as discharged, w^alking on an artificial leg. 
Jan 28, 1930 


3 Warren, Shields Personal communication to the authors 

4 Tanner, E K S Clm North America 7 1099, 1927 
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gas bacillus infection in gangienous feet Linton® desciibec! si\ cases 
appealing in stumps following amputations foi gangiene at the Massa- 
chusetts Geneial Hospital Gieene® lecently lepoited a siinilai compli- 
cation In oui cases, we had one such complication, although the oigan- 
isms weie discoveied seveial times in amputated specimens The man- 
ner in which these infections develop is unceitain Tannei was of the 
belief that infection of an amputation stump occtiis fiom the piesence 
of organisms in the blood vessels Linton found oiganisins {B wcJchu) 
in one of the thiombosed vessels in an amputated leg although the possi- 
bility that these weie outside lathei than inside the vessels was not 
excluded Gieene was unable to ieco\ei any oiganisms of this gioiip 
fiom the amputated leg, although they weie leadily lecovered fiom the 
patient befoie death It has been oui policy to assume that such infec- 
tions aie contaminations fiom the skin mtioduced at the time of opeia- 
tion, unless theie was a demonstiable gas bacillus infection before opeia- 
tion Foi this leason, we piefei no pieopeiatne sciub with soap and 
water to one caielessly done and earned too close to the gangrenous aiea 
(See “Piepaiation of Patient” in latei paiagiaphs ) 

The pioduction of gas by the oidinaiy p}ogenic oiganisms is a dis- 
tuibing complication It is not uncommon to have gas escape on piessine 
aiound an open lesion Actual ciepitus is laie, although in case 51185 
it was piesent in the stump of an amputation thiongh the 
lower pait of the thigh, an extensive infection of the fascia lata having 
developed, extending fiom the end of the stump to the groin (fig 3) 
There was gas to the gi om and the fascia was neci otic but the muscles 
weie noimal m appeal ance thioughout Repeated attempts at cultiva- 
tion, including that of the muscle tissue, showed only Siaphvlocoicus 
alhns Autopsy showed multiple sepsis but no evidence of B loclclw 


PRINCIPLES or TREATMENT 


The opeiative iiossihilities of a given leg can be detei mined b} e\ain 
ination of the extiemity The pioceduie indicated foi a given 
can be determined only by a caieful estimate of the patient as a v lo 
What a waste of effoit to do a lowei leg oi Gi itti-Stokes amputation 
one who, because of ceiebral hemoiihage oi failing eyesight, vi 
unable to use an ai tificial appliance ' 

Septicemia must be consideied a possibility m evei} patien 
diabetes and an infected foot The pooler the circulation the moie^ 
cult It is to localize infections Repeated chills and a 
of propoition to the local sepsis especiall}'' m a gangrenous toot 


5 Linton, R R Latent Gas Bacillus Infection Complicating Gamuen 
Lower Extremity, I A M A 95 183 (Juh 19) 1930 

6 Greene P F Personal communication to the authors 
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a local abscess but with l 3 auphangitis, usually mean septicemia A nor- 
mal tempeiatuie at admission must not be construed as evidence against 
such a diagnosis, foi within a few houis it may leach 102 or 103 F 

TREATMENT EOR INEECTIONS 

Suigical solution of chloi mated soda (Dakin’s solution) has proved 
the most satisfactoiy local medication m cases with infection or slough 
The wounds aie kept constantly wet Noimal skin is carefully pro- 



Fig 3 (case 51185) — Roentgenogram of stump from which only Staphylococcus 
albus could be grown, showing gas to the upper third of the thigh There was 
crepitus to the groin The muscle was normal in appearance All of the fascia 
lata was necrotic No evidence of Bacillus welchn was found at autopsy 

tected Once the gioss infection is cleaned up, a change in the t 3 qDe of 
diessing is fiequently indicated, tinctuie of myirh (m watei 1 24), 
dichloi amine T (from 2 to 4 pei cent) in chlorinated paraffin oil and 
balsam of Peru have all proved helpful The improvement of the skin 
following dail 3 '^ applications of ultiaviolet ia 3 '^s locally seems to indicate 
the usefulness of these lays in the tieatment foi local supeificial infec- 
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tions Hexyliesoicinol solution S T 37 (Shaipe & Dohnie, in watei 
1 3) IS noninitating to noimal skin, and has been used to advantage in 
such lesions as osteomyelitis of a phalanx of a toe which was being pie- 
paied foi opeiation We have found it of no value in the sepaiation of 
a slough 

STIMULATION OF CIRCULATION 

We have discontinued the use of external neat in all foims save the 
electi 1 C pad The electi ic bakei hot watei bags and hot and cold baths, 
when their application is left to the disci etion of diabetic patients, aie 
dangeious and ought not to be used The feet of a diabetic patient may 
blister without discomfort to the patient One of oui most intelligent 
patients, who had taken alternating hot and cold baths foi yeais lecently 
so burned one of his pulseless feet that he naiiowly escaped amputation 
We have seen mnumeiable toes taking months to heal aftei having been 
bhsteied by^ hot watei bags 

The hypeiemic exercises of Bueigei have pioved of most value We 
aie not piepaied to explain the beneficial lesults to be deiived fiom 
these exeicises Relief of pain m cases lesponding favoiablyis usually 
too eail}'’ to be explained entiiely on the basis of new collateial blood 
vessels One gets moie the impiession of a leadjustment of cnculation 
to meet less diastic demands, much like the i espouse of the heait with 
anginal pain to a propei i elation between rest and suitable e\eicise 
Suffice it to say that we have seen patients unable to sleep because of 
pain in a foot oi toe who with no tieatment, except lest in bed, local 
applications to the open lesion (if piesent) and Bueiger exeicises. 
become perfectly comfoi table within two weeks’ time and keep fiee fiom 
pain when up and around thiough caiefully giaded active exeicise, m 
addition to the continuation of the passive exeicises to be desciibed latei 
One needs the conviction of its meiits to be able to impiess the averas,e 
patient with the value of a piocedtiie that seems so simple Oui loutine 
is (1) lying in bed with the feet elevated about 60 degiees loi two 
minutes, (2) sitting up with the feet dependent foi thiee minutes, aiK 
(3) assuming a hoiizontal position with an electi ic pad applied to ti 
foot and lower pait of the leg foi five minutes, a total of ten 
to the cy^cle, which is lepeated, if the condition of the patient 
SIX tunes each period Hospital patients have thiee and m some c< 
foui peiiods a day When the pain is seveie, the cy cle has to be 
to suit the individual patient Oithopedic exeicises of the type oic 
used to stiengthen the muscles of the foot and limbei up the toe 
done when the feet are m the dependent position Peconi' 

Once flee fiom pain, the patient must be caieful vhen ,^iiinite 

iiig active It IS our pohcv to stait the patient walking one w 
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out of each houi , this penod is increased by one-half daily as conditions 
peimit, and the feet aie kept elevated between walks 

INDICATIONS FOR OPERATION 

Gangievc — Gangiene in a pulseless, painful foot is an indication ror 
amputation, unless it is supeificial and limited to the tip of a digit and 
shows eA idence of healing without pain at the end of two weeks’ hospital 
tieatment consisting of lest m bed (with opiates for the fust Aveek if 
necessary), Bueigei exeicises and tieatment of the local lesion 

Pam WRliont Actual Gangrene — ^The painful, pulseless foot that 
aftei two weeks of hospital treatment is unieheved has insufficient blood 
supply to be of use, and should be tieated by amputation 

Osteoniyelifii of a Phalanx — Osteom 3 ’^ehtis of a phalanx is an indi- 
cation foi operation Any unhealed ulcer of two weeks’ duiation over- 
lying or on one side of an intei phalangeal joint is legarded as actual oi 
potential osteomyelitis A positive diagnosis can be made eailiei by 
demonstiating baie bone with a small piobe than by the use of x-iajs 
Recwnng Ulcei — The patient avIio has a lecuiiing ulcei in a callus 
on a toe which, with piopei caie of the feet, cannot be kept healed is 
moie safely treated by amputation of the toe than by conseivative 
ti eatment 

Extensive Infection — Extensive infection is an indication foi oper- 
ation 

SELECTION or THE TYPE OF OPERATION 

The visualization of the aiteiial backgiound of the limb is essential 
to the proper handling of a patient with a cnculatoiy condition If all 
peripheral vessels pulsate, this is not difficult The extent of the local 
lesion however, is of little help Theie may be complete gangiene of 
a toe, yet a good result may be obtained by piopei local amputation, 
whereas a toe without gangrene but Avith a painful ulcei may leqtiire 
an amputation thiough the thigh foi lelief Figuie 4 lepiesents {A 
and B) legs amputated foi gangrene Figuie 4 A shows chaiacteiistic 
irregular nan owing of ai tei losclerotic blood vessels Avith complete occlu- 
sion of all three vessels to the foot It is theiefoie obvious that m this 
type of leg any operative pioceduie, to be successful, must be done 
thiough a point well supplied by the mam A’^essels Figuie 4B, on the 
other hand, shows no filling of consequence m the mam blood vessels, 
but shows an exti aoi dinary development of collateral vessels This type 
of leg, AAffiich IS waim and of faiily good color, without a definite line 
of temperature change, oflfeis possibilities of local operative piocedures 
below the level of any mam blood vessel In fact, highly developed cir- 
culation of this type is a bettei background for a Giitti-Stokes amputa- 
tion than a good popliteal aiteiA AAuth feiA"^ collateials 
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Fig 4 (case 28863) — low thigh amputation in a patient, aged /-, 
gangrene of the first, second and fourth toes Injection of the femoral arteri 
a fine suspension of barium sulphate Note the irregularity of the lumen o eac^^ 
mam vessel, the abrupt ending of the injection at a, b and c due to an occ n 
thrombus Note also to what a slight degree the collateral circulation has 
developed (The illustration is from McKittnck and Root , Diabetic n n 

Philadelphia, Lea & Febiger, 1928) 

B (case 42419), unsuccessful amputation of the fifth toe for oi 

b}' Gntti-Stokes amputation with a good result m a man, aged 67 
the amputated limb with a fine suspension of barium sulphate shownio 
development of collateral circulation 
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INDICATIONS FOR THE AMPUTATION OF ONE OR MORE TOES 

An)^ local amputation in the absence of pulsation in the cloisahs 
pedis aiteiy must be undei taken only aftei careful consideiation The 
high moitahty of patients with i eamputations " comes fiom ill advised 
amputations of toes m feet with insufficient cii dilation to prevent infec- 
tion of the blood stieam In geneial, amputation of one or moie toes 
may be tried foi (1) Gangiene of a toe oi poition of a toe, with good 
pulsation m the doi sabs pedis ai tei y and a wai m foot Occasionally, m the 
absence of such pulsation, a patient having a toe with a gangienous tip 
lesulting fiom trauma will do well after amputation of the toe, if the foot 
IS waim, of good coloi and with no definite level of tempeiature change 
(2) Osteomyelitis of a phalanx without gangi ene (3) Chionic ulceia- 



Fig 5 (case 30128) — Gangrenous slough on the dorsum of the foot with exten- 
sion of the infection between the third and fourth metatarsals m a woman, aged 76 
Dorsal incision was used (McKittrick and Root Diabetic SurgerA, Philadel- 
phia, Lea &. Febiger, 1928) 

tion m a coin or callus that fails to lemain healed under consenative 
tieatment (4) Moie complete diainage m cases of infection between 
toes or involving deepei stiuctuies of the foot (figs 5, 6 and 7) 

AMPETATION THROUGH THE LOWER LEG 

The gieat advantage of an amputation thiough the lowei leg is that 
gained from pieseivation of the use of the knee joint Amputation 
thiough the lowei leg can be done moie fiequentl} than is desiiable 

7 Eliason and Wright Surg Gjnec Obst 42 753, 1926 
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because of the susceptibility of such a stump to piessuie soies It is 
a rational suigical pioceduie if the patient is in good general condition 
without a lapidly spieading infection and if (1) the skin of the leg is 
warm and of good coloi to the level of the ankle, (2) theie is good 
pulsation m the popliteal artery and (3) theie is no evidence of lymph- 
angitis 01 phlebitis above the ankle 

When all of these conditions aie fulfilled, it is the opeiation of choice 
in (1) a woman undei 60 yeais of age, unless fiom economic necessity 



Fig 6 (case 30128) — The same foot as that in figure 5, shownio oP ‘ 
wound Removal of third, fourth and fifth toes with portions o t le 
fourth metatarsals was necessary for proper drainage (IMcKittnc an 
Diabetic Surgery, Philadelphia, Lea & Febiger, 1928 ) 

she must be on her feet most of the day, (2) a man under 
age, if operation is done because of a localized infection an 
gangiene and provided he lives lelatively neai an aitificia 
and his occupation does not make it necessan foi him to )e 
for long periods of time (see indications foi Gritti-Stokes 
and (3) a patient in whom the condition of the othei oot 


McKITTRICK-PRATT— LESIONS IN DIABETES MELLITUS 567 


subsequent trouble seems piobable In the lattei case, it may be advisa- 
ble to do an amputation thiough the lower part of the leg at the first 
operation for feai that a higher amputation may be needed eventually 
on the opposite side Piobably the best combination in a double ampu- 
tion is an amputation through the lower part of the leg on both sides 
or a Gritti-Stokes amputation on one side and an amputation through 
the lower part of the leg on the other 

GRITTI-STOKES AMPUTATION 

From the point of view of service, a Gritti-Stokes amputation gives 
the most efficient stump above the level of a Symes amputation The 



Fig 7 (case 30128) — The same foot as that m figure 6, showing the end-result 
eight weeks after operation Good anatomic and functional result (AIcKittnck 
and Root Diabetic Surger\, Philadelphia, Lea & Febiger, 1928) 

operation is a little more complicated than an amputation through the 
thigh, the blood supply to the flaps is not so good, and healing is a little 
moie 11 regular The surgical lequiiements foi a Gntti-Stokes amputa- 
tion are ( 1 ) good pulsation in the popliteal artery oi unusual collateral 
circulation, evidenced b} warm skin and good color to the level of the 
ankle, (2) absence of l}mphangitis phlebitis oi othei signs of infection 
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to a point at least 3 inches (7 5 cm ) below the level of the tibial spine, 

(3) no clinical or bacteiiologic evidence of a geneial septicemia, and 

(4) a patient whose geneial condition suggests the probability of Ins 
using some type of aitificial limb 

It all of the conditions enumeiated aie fulfilled, this opeiatioii is 
indicated in (1) a patient who has an amputation done because of defi- 
cient cii dilation, paiticnlaily if that patient must earn a living on his 
feet, (2) a patient who wishes to have a stump tiee fiom tioiible at the 
expense of a more noimal gait, and (3) an eldeily patient who, because 
of the confidence and the comfoit inspned by a long, eiid-beaiing stump, 
might be able to get aiound on a peg leg, lathei than be confined to a 
wheel chan 

AMPUTATION THROUGH TRIE THIGH 

The indications for an amputation thiough the thigh aie (1) a con- 
dition peimitting primary sutme and requning the shortest and suiest 
opeiation, (2) conditions that will pi event subsequent use of an aitificial 
limb, such as failing eyesight (not due to cataiacts), mental instabilit), 
etc , (3) inability to feel an}^ popliteal pulsation, unless the skin is waiiii 
and of good color at least to the level of the ankle, (4) failuie to palpate 
the femoial aiteiy in the gioin, and (5) extensive infection which makes 
lower amputation unwise 


GUILLOTINE AMPUTATION 

By this opeiation, we mean the classic guillotine pioceduie Skin, 
muscles and bone aie all cut in the same plane, the opeiation being done 
quickly with minimum manipulation Dakin’s tubes aie sutmed over 
the end of the stump, and ii ligations aie begun at once and continue 
e\ery two hours The amputation should be done above the gioss mfec 
tion (not above lymjohangitis) thiough tissue with good cu dilation, usu 
ally thiough the uppei thud of the lower leg In every instance evcep^ 
when amputation is above the knee, a leamputation is done within t\ 

01 three weeks, if the patient does well A patient whose 
guillotine amputation is satisfactory has a sudden and permanent a 
temperature to oi slightly above noimal (fig 2) If the 
otheiwise secondaiy infection is usually piesent and reampu t ^ ^ 
should be done only aftei every possible effoit has been made to 
source of infection to explain the failure to obtain the desiie lesj 
Con,pa.efigu.es8.„d2 ^ 


The use of the guillotine amputation is 


with septicemia, actual oi suspected, fioin a badly * (,ent 

foot, (2) the veiv sick patient with extensive sepsis, and ( 
who has a gangrenous foot with extensive l 3 inphangitis, m 
primary suture would be unsafe 
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ANESTHESIA 

Spinal anesthesia obtained with piocaine hydiochloiide ® has been 
the anesthesia of choice although that obtained with ethylene and oxygen 
or with nitious oxide and oxygen has proved satisfactoiy foi the shorter 
operations Ethei oi chloioform should nevei be given, and procaine 
hydi ochloi icle locally onl}'- in caiefnlly selected cases in which the local 
cn dilation is good and in which injection can be made proximal to any 
infection that may he piesent Our own tendenc) has been to use moie 
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Fig 8 (case 51185) — A chart showing the postoperative course of a man, aged 68, 
who had gangrene, infection and lymphangitis to the knee on admission to the 
hospital Blood cultures disclosed Streptococcus hemolyticus All subsequent 
blood cultures were negative The failure of the temperature to become and 
remain normal after guillotine amputation is suggestive of infection elsewhere than 
in the stump The failure to find this resulted in reamputation (through the thigh) 
thirt) -one days later, with breaking dowui of the stump and death thirtj days later 
AutopsN showed a left subdiaphragmatic abscess and a small localized empiema 
on the left 


8 We still prefer the “C ’ tablets of procain (Alelz), according to the technic 
previouslj described (McKittnck L S and Root, H F Diabetic Surger\, 
Philadelphia Lea & Febiger, 1928, p 86) 
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lather than less spinal anesthesia even foi simple toe amputations In 
this senes of cases, no patient had a reaction of sufficient severit} to 
wan ant any type of stimulation Except foi an occasional case, the 
level of anesthesia does not go above the ciest of the ileum, and for 
operations in the foot, laiely above the knee Safety and satisfaction, 
however, come not so much from the type of solution used as from the 
experience of the one who gives it We prefei not to use any preopeia- 
tive opiate 

TECHNICAL POINTS 

In diabetic patients, opeiative piocedures, to be successful, must be 
based on ceitam fundamental principles 1 Cii dilation must be ade- 
quate to localize infection and peimit lepair to take place 2 Dramage 
must be dependent and complete A continuous incision is preferable 
to counter incisions (fig 9) 3 Incisions must be so placed as to mini- 

mize mterfeience with the blood supply and, at the same time, permit 
extension of the wound should furthei infection occur 

AMPUTATION OF ONE OR MORE TOES WITHOUT DRAINAGE 

OF THE FOOT 

The most common lesion requiring local operation on a foot with 
good circulation is osteomyelitis of a phalanx involving eithei a joint 
or the distal phalanx A lesion of this type is usually of long standing 
with an established chronic sinus The acute exacerbations nearly 
always quiet down on rest in bed and the application of surgical solution 
of chlorinated soda (Dakin’s solution) locally There is undoubtedl} 
consideiable local immunity, so that the wound, if amputation is done 
proximal to the lesion and if the sinus is not opened, can usually be 
sutured loosely with a fine skin suture, healing lesultmg in from a week 
to ten days Experience has shown that it is bettei not to close the 
wound if theie is no pulsation m the doisahs pedis aitery or if the sinus 
has been opened 

Any amputation of a toe for gangiene, regardless of the 
of a patent doisahs pedis artery, is safer if the wound is loosel) pac e 
with di}^ gauze than if it is sutuied 

AMPUTATION OF ONE OR MORE TOES WITH DRAINAGE 

OF THE FOOT ^ 

Proper drainage of a foot m which infection has pj.Q. 

deepei stiuctures lepresents the most important phase of a sur^, ^ 
cedure on a diabetic patient This is of paiticular note possibb 

in a patient with good cii dilation, otherwise gangrene ,( 

septicemia would have developed It is also of impoitance 
is not properly done the piocess is suie to extend the result^ 

becomes woise and, finally'’, either the loss of a hmb or 
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Giodinsky,*’ by painstaking woik on fascial spaces of the foot, made a 
valuable contiibution to suigeiv of the lower extiemities Not having 
had the benefit of such a definite anatomic study in the past, we are 
unable to say how closely the spiead of infection has followed the lines 
he described We are pleased howevei, to give suppoit to his sugges- 
tion that diainage of these deep infections should be done through an 
incision othei than one on the plantai surface of the foot The latter is 



Fig 9 (case 52340) — Extensive infection arising from an ulcer on the lateral 
aspect of the foot with extension to and destruction of the fifth metatarsophalan- 
geal joint in a man, aged 61 There was also a subcutaneous extension running 
along under the base of the toes to the medial aspect of the head of the first 
metatarsal Note that one continuous incision was used to dram the entire infected 
area The fourth toe was not involved, but its removal was necessary m order to 
insure adequate drainage There are no counter incisions A good result was 
obtained without subsequent operation See figure 10 A 

all that he said of it uiisatifactory fiom the point of drainage, bad from 
die point of scarring and, in addition, conducive to infection of the sub- 


9 Grodinsky, M Surg Gynec Obst 49 737, 1929 
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cutaneous tissues of the loot the lesistance of which is extiemeh low 
On a sound anatomic basis he lecommended the use of a medial incision 
\^'lth but few exceptions, we use a lacquet tjpe of incision for the 
amputation of a toe Oidmaiih the aim of the lacquet is on the doisum 
of the toot Since Octobei, 1925, ue ha\e so placed the incision ior 
amputation ot the first toe that whenevei theie is a possibilit) that the 
infection has extended oi mar extend to the deepei stinctmes of the 
foot the aim of the lacquet is on the medial side of the toot Tins part 
ot the incision may then be continued either at the first oi at subsequent 
operations to the mnei aspect of the heel, if necessar) Except foi the 
occasional case m which theie is unusually good local cn dilation and in 
which the infection is still localized within the joint, the head including 
if necessaiy, a portion of the shaft of the metataisal, is lemoved This 
IS beveled in such a way that the base of the wound is smooth nith its 
lowest point nearest the heel If the infection has extended towaicl the 
lateral side of the foot, it is usually acKisable to iemo\e the second toe 
including a portion of its metatarsal m oidei that the cavih ina\ he 
sufficiently open to give the complete drainage that is essential Dakin s 
tubes are placed at opeiation, and twodiouil) n ligations with suigica! 
solution of chlorinated soda (Dakin’s solution) aie instituted nhen 
the patient leaches the ward In this wa}. the submetatai sal aiea 
inaj be satis factoid)’’ diained In geneial, the sesamoid bones are 
removed, always, in case the infection is fioni a peifoiatmg ulcer situ- 
ated under the head of the fiist metataisal 

In cases in which the fifth lathei than the first toe is imohecl, a simi- 
lar procedure is earned out (figs 9 and 10^) M'hen the incision is 
along the medial oi lateral aspect of the foot it is well to make it more 


toward the doi sal than toward the plantar sui face 

Infection originating fiom the middle toes is inoie difficult to dram 
In this case we piefei a dorsal incision, lemoMiig as man\ toes as nec^ 
essaiy and from the point at which infection is greatest extending 
incision as far on the cloisum of the foot as is iiecessaiN Here oo^ 
free removal of the metataisals is essential to complete diamage a 
to make the final wound such that it will chain fieeh toward its m 


dependent point (fig 10 5) 

The drastic removal of bone suppoit m these opeiations 
undei taken on the basis that a useful though impel feet foot 
than none Much to oui surprise the functional lesiilt has been 
satisfactoiy, so that we no longer have an) hesitanc) about leni 


much bone as is necessai) eo,iie 

Secondar) operations are not nrfiequent Theie 
extension requiring additional incisions oi the reiiioral o 
Great care is taken not to break up lecentl) formed -^^jj a 

effort to hasten separation of sloughing tendons or 



McKHTRlCK-PRATT—LESIONS IN DIABETES MELLITUS 573 

dean tendons aie cut across, the tendon is left longer than its sheath 
and a small piece of diy gauze is packed against it in the hope of hasten- 
ing adhesions to pierent the spread of infection In all such operative 
piocedures, Dakin’s tubes aie used, and iriigations erery two houis are 
begun as soon as the patient i etui ns to the ward 

Following operative trauma, there is usuallv a slight elevation ot 
temper atuie which should reach noinicd within a few days and lemain 
so if progress is satisfactory Any real tenderness in the sole 
of the foot means extension of infection and will, as a rule, require 
further operation Any suggestion of an infection of the blood stream, 



I ig 10 4 (case 52340) — The same foot as that in figure 9, showing the manner 
in which the fifth and fourth metatarsals were remoied m order to gne satisfactorj 
drainage to an infection that had extended from the fifth toe Xote that the fifth 
metatarsal was made shorter than the fourth and was beteled m order that all 
parts of the w ound should slant to the low'est point 

B (case 36546) — Foot of a patient, aged 51, showing the extent to which the 
metatarsals were remored in giring drainage to a deep infection from the middle 
toes In this case, infection had extended from an infected callus on the ball of 
the foot through to the dorsum of the foot The dorsalis pedis was not felt 
(edema), but circulation was good A. dorsal incision was used There was 
imohement of the flexor tendon of the third toe with pus underneath and between 
the third and fourth metatarsals Complete healing occurred in two months 

such as chills hmphangitis and a fe\er out of pioportion to the local 
sepsis must be met at once with a guillotine amputation through the 
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iippei third of the lower leg If cases aie piopeily selected, lioweiei, 
and opeiation caiefiilly done, this complication ought to occin lareli 


MAJOR AMPUTATIONS 


The complete details of majoi amputations have alieady been 
descnbed A biief lesume of the most impoitant points must there- 
foie suffice at this time 

Pi epm aiion of the Skin — We aie moie and moie impiessed luth 
skin contamination as a cause of postopei ative infection of amputation 
stumps, if Staphylococcus a! bur is to De consideied a fair ciiteiion oi 
the somce of infection Pi eopei ative piepaiation and opei ative technic 
are of greatest impoitance Whenever possible, the field of opeiation 
is piepaied by at least one caieful scuibbing with tinctiue of gieen soap, 
followed by alcoliol and ethei and an application of 5 pei cent aciiflaune 
111 50 pel cent alcohol and acetone “ Gieat caie is taken iievei to sciiib 
01 to manipulate the skin moie than 2 inches (5 cm ) below the line ol 
incision in the fear, pai ticulai ly, that such manipulation may stii up 
an infection in the lymphatics and that gas bacilli may be wiped from 
the skin in the neighboihood of the gangienous aiea into the opeiatne 
field 


T oni mqnets — Touiniquets aie nevei used except in guillotine ampu- 
tations We feai fiesh thiombosis following a tianma sufficient to 
occlude tempoiaiily the scleiotic blood vessels 

Flaps — Equal lateial flaps aie used in amputations thiough the 
lower pait of the leg A long anteiioi flap is necessaiy in a Gntti 
Stokes amputation All amputations thiough the thigh aie done witli a 
circulai incision This minimizes inteifeience with cn dilation, and t le 
lesulting stumps aie good Caie is taken to have the fascia come 
together ovei the end of the bone snugly, but without undue 
Hemostasis must be complete but not at the expense of 
manipulation Piecision and a minimum of manipulation aie 
No instiument, sponge or fingei allowed to touch the skin is usee 


the wound 

Neivcs — Absolute alcohol is injected into the neives as 
mended by Lewis and Hubei 

Draanagc — We have followed the teachings of Jones 
closed all of oui amputation stumps without diainage, excep 
guillotine amputation was done We believe that this procecu 


10 McKittnck and Root (footnote 8, p 168) Fcnecial k*^^*^*^ 

11 Tinker, M B, and Sutton, H B Skm Disinfection iiitn 

ence to Use of Acnflavine, J A kl A 98 1560 (Mav 1 ) Tlicir Dcuk’i’ 

12 Huber, G C , and Lewis, Dean Amputation L eiiromas 
ment and Prevention, Arch Surg 1 85 (Juh ) 1920 

13 Jones, D F Personal communication to the inthors 
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ens convalescence and lessens the possibilit}' of sepsis in the stump and 
an adheient scai In each of two senes of amputations lepoited, in 
which both methods weie compaied, the lesults weie m tavoi of stumps 
not chained 

POSTOPERA FIVE CARE 

It would seem that all possible misfoi tunes had come to us m the 
caie of this gioup of patients, infections of the back, vaiying fiom 
small supeificial pustules to fatal caibuncles oidinaiy sacial piessuie 
sores and, what was piobably, the most time-consuming, piessuie aicas 
on the lemammg heel following amputation requinng weeks of addi- 
tional hospital caie In an effoit to minimize such complications the 
following loutine has been adopted 1 A balkan fiame is attached to 
each bed as a pait of the prepaiation fot amputation This facilitates 
movements in bed and lessens the tendency of the patient to push him- 
self up m bed by digging his heel into the mattiess 2 A heav\ woolen 
sock IS piovided, which affoids some piotection from piessuie, it is 
lemoved daily and the foot massaged with hydious wool fat 3 A Iran 
pillow, 26 inches by 13 inches by 4 inches, is placed under the leg (oi 
legs) just above the heel to pi event contact between it and the mattiess 
4 Ultraviolet rajs aie applied daily to the back of any patient whose 
skin shows the slightest evidence of iiritation 

In a normal convalescence fiom an amputation, the diessmg of the 
stump IS changed m fiom six to eight days Following a Gntti-Stokes 
amputation, the sutuies can usually be lemoved in ten days Caie must 
be taken after amputations thiough the lowei pait of the leg or the 
thigh, howevei, not to lemove all the sutuies until from ten to fouiteen 
days aftei opeiation, and even then it is usually wise to lelieve some 
of the tension by adhesive stiips Continued elevation of tempeiatuie 
to 100 6 F or abo^ e steady pain in the stump, swelling of the limb above 
the level of amputation oi tenderness along the blood vessels aie indi- 
cations foi eailier inspection of the diessmg Even then a stump maj 
appeal white soft and dij at the end of three dajs wheieas in ten dajs 
It will be the seat of an extensive infection If in a patient undei sus- 
picion of having septicemia the immediate diop m tempeiature that 
occms aftei opeiation is followed by a use to pieopeiatue level, with 
but few exceptions the patient eithei has septicemia oi an extensn e local 
intection, piobably deep, and all sutuies should be lemoved including 
those of the fascia unless sufficient sepsis is found in, the subcutaneous 
tissues to explain the tempeiatuie and unless lemoial of skin sutuies 
lesults in a fall in tempeiatuie Such a wound should be iingated with 
Dakin’s solution eieri two houis just as attei a guillotine amputation 

14 Ehason and Wright (footnote 7) Kuhns J and Wilson P D Major 
Amputations AnaKsis and Stud^ of End-High Results in 420 Cases Arch Sur" 
16 887 (\pril) 1928 
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Aihficial Lwibs — It is om aim to have all patients who have had a 
Gritti-Stokes amputation and those who have had a routine amputation 
through the thigh, whom we expect to use aitificial legs, walk without 
direct assistance befoie leaving the hospital These patients are mea- 
sured foi tempoiary peg legs (fig 11) As soon as then stumps and 
geneial condition are satisfactory (from ten to twelve days aftei opera- 
tion), and they begin to walk with a leg and crutches neai the end of 
the third week It has been found that if these patients are taught to 



Fig 11 — T 3 rpe of peg leg (temporary) used after a Gntti-Sto es amp^ 
or an amputation through the thigh In the former case, one or 
placed ni the bottom of the bucket are used to obtain end-bearing 
was made by the Boston Artificial Limb Company ) 

walk befoie going home, they will continue to do so, if ^j-^udic. 
the older people content themselves Avith the wheel chan 
It takes the incentive of going home to stimulate them to a 
attempt to leain Those foi whom it seems worth while are 
peimanent legs when the condition of the stump permits jfir. 

a lule patients with an amputation are not fitted with te P 
below the knee until four or firm weeks after opeiation 
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RESULTS or OPERATIONS 

Table 1 repiesents a summaiy of opeiations done by one of us 
between May, 1923, and Jan 1, 1930 Such a moitality table cannot be 
inteipieted without an undei standing of conditions at the time of opeia- 
tion Suffice It to say that only those patients whose life expectancy 
seemed to be days lather than weeks weie not offeied opeiation (thiee in 
the series) All othei patients weie offieied the comfoit that amputation 
of an infected and usually gangienous leg offered With but two or 



Fig 12 — Temporan artificial leg used following an amputation through the 
upper third of the lower part of the leg It is modified from the leg described hi 
W'llson (J Bone S. Joint Surg 4 224, 1922) The bucket is made of leather, and 
laces 111 the back m order to take care of shrinkage of the stump The end is 
open 


thiee exceptions, it was accepted The mortality is high, especial!} in 
conditions in rvhich aiteiial insufficienct is the primary factor The 
danger of ill advised dela} in this group must be constantly kept m mind 
in am plan of tieatment and etei} precaution taken to avoid consena- 
tne operations in cases m which there is insufficient circulation to ^\al- 
lant it An effort to sare a leg in case 50625 that of a man 72 ^ears of 
age with a small gangienous aiea around the nail cost him sixteen 
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weeks in the hospital and his life fiom sepsis It was lealuecl that he 
had too little circulation to wai i ant amputation of the toe, but it was felt 
that It might be possible foi the neciotic tip to scpaiate and heal itselt 
The distal intei phalangeal joint became involved , the leinoval of the tip 
of the middle phalanx was followed by extension of infection along the 
tendon, a Giitti-Stokes amputation, sepsis and death A Gntti-Stokes 
opeiation on this patient when he was fiist seen would undoubtedly hai e 
been successful This so-called conseivative tieatinent of gangieiie has 
pioved unsuccessful in our hands, and we suspect that many patients 
who do well with this type of tieatment would save time with a local 
amputation piopeily done Suiely, the patients whom wt haA^e seen with 
actual gangienous destiuction of the tip of a toe that we hai'e not dared 
to amputate have not lesponded well to conseivative tieatment This 

Table 1 — Opoations ftom 1923 to 1929, Inclusive 


Xuinbcr of Cases Number 


Deaths 


r 

— 

* 


of 


Gan 

Infee 


Opera 

Amputntion 

grene 

tion 

Total 

tions 

One or more toes 

14 

71 

SI 

90 

Toe, then, maior 

Through lower leg 

23 

7 

30 

05 

10 

4 

14 

15* 

Through loner leg, then 





through thigh 

1 

0 

1 

2 

(Suillotme through loner leg 
Guillotine through loner leg, 

2 

0 

2 

2 

then amputation through 
thigh 

4 

0 

4 

8 

Guillotine through loner leg, 





then Gritti Stokes 

1 

1 

4 

8 

Gritti Stokes 

Gritti Stokes thin through 

33 

2 

33 

35 

thigh 

1 

0 

1 

2 

Through thigh 

Death under anesthesia, no 

41 

5 

40 

40 

operation 

1 

0 

1 


Total of amputations 

133 

90 

223 

273 

Incision and drainage 

0 

8 

S 

S 

a’otal of operitions 

in 

98 

2 A 

281 


Summary of 4tinputntions 

Amputation of ont or more 
toes 

Amputation of ont or more 

14 

71 

S') 

00 




toes, including that folloned 
by major operation 

37 

78 

115 

155 

Major amputation 

119 

19 

138 


* I igation of poplittal vein pietcdecl amputation 

does not include patients who have 

a small aiea 


Gnn 
grene 

2 (14 m 
a 03%) 

0 

0 

2 (ioa%) 


0 

5 (15 1%) 


Infee 

tion 


2 (28 5%) 
0 

0 
0 


aotnl 
2 (IW) 


(16 rn 


0 

2 (lOtCf) 


(1T%) 


23(17 2%) 2(|^f 


2 pore) 

0 

5 (14 Vc) 
1 (loorn 

7 (n-^) 
1 

n (II Tc) 


2 (25%) 


23 (17 2%) 4(41%) 

2 (’Tr) 


2 (14 3%) 0 


vviivj cv wi***v*- * 

slough near the tip of a toe, in whom the i espouse to ti eatment 


dehwtt 


within two weeks , 

The relatively few patients who have had an operation ot ^ 
extremity that did not include the removal of one or more 
worthy This is leadily understood when one of a tot 

most infections of feet needing opeiation aiise from m ec 
and that it is only laiely possible to dram adequately a ti]t 

a diabetic patient without the additional advantage a 


sacrifice of one or moie toes 
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The patients who have survived a guillotine operation lepiesent lives 
saved that undoubtedly would have been lost had a primary closure been 
attempted 

From figure 1 it will be seen that more than half (foity-three of 
eighty-four) of the patients seen durmgthepastyear were tieated without 
operation Almost half of those operated on (seventeen of forty-one) 
had a successful amputation of one or more toes Amputation through 
the lower part of the leg, in 1923 the most frequent operation, has given 
way to the Gntti-Stokes amputation, not because immediate lesults aie 
better, but because the resulting stump is more practical It will also be 
noted that the increase m number of conservative amputations has been 
accomplished without inci easing the mortality 

Table 2 — Opeiahons fot Btlatcial Gangtcne fiom 1923 to 1929, Inclusive 


Age of Patient 

J L 


Case 

Sex of 
Patient 

At First 
Operation, 
Year 

At Second 
Operation, 
Year 

Intcn al 

3210 

F 

64 

65* 

1 yr , 3 mo 

3745 

M 

58 

63 

5 yr 

3834 

P 

70 

71 

8 mo 

3866 

M 

53 

64 

11 yr 

24133 

M 

59 

60 

1 yr 

3519 

M 

63 

64 

1 jr 

3724 

F 

63 

63* 

2 mo 

5250 

M 

59 

59 

3 mo 

30875 

F 

51 

51* 

3 days 

3280 

F 

64 

67 

3 yr 

4108 

M 

68 

75 

7 yr 

4721 

F 

59 

60t 

m >r 

4290 

F 

65 

67* 

n/z yr 

23020 

M 

70 

71 

1 yr , 4 mo 

42489 

F 

63 

65t 

2 yr 

43S70 

M 

65 

65 

8 wk 

36970 

F 

68 

70 

2 ir 

39120 

F 

59 

07t 

79t 

74* 

8 yr 

51636 

M 

68 

11 jr 

28863 

M 

72 

2 yr 

22383 

M 

68 

69* 

1 yr 

40018 

F 

69 

70* 

1 yr 


* Not operated on 
t One operation elsewhere 


Reoinputations —Th&re. has been an increase in the number of leam- 
putations Prior to Jan 1, 1927, amputation of one or more toes was 
followed by a higher operation in six cases, with a mortality of 16 6 per 
cent During this period there was no instance of gangrene or infection 
111 the stump from a major amputation requiring reamputation Between 
Jan 1, 1927, and Jan 1, 1930, there were twenty-four unsuccessful toe 
amputations The mortality has remained the same This increase in 
the number of operations without a coi responding increase in the mor- 
taliti occuried in that group of patients m whom onl} clinical trial would 
definitely determine the outcome Greater experience enlarged the num- 
ber of patients on whom such a procedure was deemed safe During 
this latter period there was one amputation through the upper third of 
tlie louer part of the leg following which infection necessitated a guil- 
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lotine amputation above the knee, and one ill chosen Giitti-Stokes ampu- 
tation which at the first sign of infection of the stump was followed b\ 
a leamputation thiough the midtliigh because of the pool geneial condi- 
tion This stump was solidly healed m twelve days, although the patient 
finally died of unnaiy sepsis and leiial insufficiency Eight patients ;Mth 
guillotine amputations suivived the initial infection so that i eamputation 
was deemed advisable Two of these died, one of late metastatic sepsis 
though his thigh stump was solidly healed , the othei , the patient in case 
51185, has been mentioned 

Table 3 — Causes of Death Aftct Ofeialion foi Gaitgicne oi Iiifeciwti fiom 

1923 to 1929, Inclusive 


Duration of 

Lesion Before Day of 


Case 

Operation 

Amputation 

Condition 

Death 

Primarj 

Cause of Deitli 

Arterial Insufficiency 

30875 

9 

Thigh 

4 

Proopcrative streptococcus septicemia auriciiliir 
fibrillation, embolic g ingrcne m other lig 

3708 

8 ivlr 

Gritti Stokes 

10 

Preoperative Streptococcus hemoljticui septice 
mia (autopsy) 

3036 

0l\k 

Thigh 

4 

Preoperative clinical septicemia not proved 

4820 

1 mo 

Thigh 

50 

Stump healed, terminal bronchopncunionla 

(autopsv) 

3971 

5 tvL 

Gritti Stokes 

4 

Preoperative streptococcus septicemia 
Preoperative streptococcus septicemia vutn acute 
glossitis and pharjngitis (autopsv) 

3631 

? 

Thigh 

1 

5254 

0 Tvk 

Too 

3 

Pulmonary embolus (autopsj) 

Infection of stump with gas bacillus (aiitop yl 

35149 

3 mo 

Gritti Stokes 

7 

3503 

4 nk 

Thigh 

o 

> 

Terminal bronchopneumonia 

Postoperative streptococcus septicemia loiioiviiii. 
erysipelas of stump 

4326 

3 ivk 

Toe, Gritti Stokes 

35 

47311 

2 Ilk 

Gritti Stokes 

10 

Prcoporative streptococcus septicemia 

Died under ethylene before operation starteu 

4108 

2 mo 

(No oneration) 


6464 

3yk 

Guillotine 

25 

Preoperative general septicemia 

5948 

3 nk 

Toe. Gntti Stokes 

8 

Postoperative general septicemia .„nticcnih 

Postoperativ e Staphylococcus aureus .cp i 

45504 

? 

Thigh 

47 

45852 

9 

Gritti Stokes 

139 

Urinary sepsis plus uremia 

Questionable pulmonary embolus (no 

42589 

1 wk 

Guillotine 

46 

41994 

1 mo 

Gritti Stokes 

16 

Sudden, stump healed 

50625 

4 ivk 

Gritti Stokes 

44 

Postoperative sepsis ctnmn 

Coronary thrombosis sepsis of stiimi 

51205 

2 wk 

Thigh 

8 

51636 

6 mo 

Thiah 

45 

Terminal bronchopneumonia 

51185 

3 Ilk 

Guillotine 57 Preoperative streptococcus scplill 

Condition Primanlj Infection „i,i 

4507 

9 

Toe. thigh 

6 

Preoperative Staphjdococcus 

Postoperative streptococcus septicemia 
Coronary thrombosis cinp5C'i'“ 

Infection of foot with gas bacillus, plus cn w 

3468 

16 days 

Incision and drainage 

9 

43390 

5 mo 

Toe 

15 

45829 

9 

Guillotine 

20 

31245 

? 

Toe, Gritti Stokes 

64 

Sepsis of stump _ — 


Double Amputations — Amputation of one foot is no 
tion to similar tieatment for gangiene of the othei We hate n ^ 
among oui most giateful patients those who, confined to je 
painful, foul-smelling gangiene of the remaining foot, have 
comfoit offeied by amputation In case 3519, the p p 

amputation through the lowei pait of the leg perfoime 3} 

Jones in September, 1923, aftei suffering the pain of a trails 
foi SIX weeks One year later, he returned to the hospita ^ 
after a similar accident to his good foot, lequesting operatio 
possible A Gritti-Stokes amputation was done he 

the age of 69 was able to work in his gaiden, and m , ai 
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wrote that he was “feeling better than for } ears ” The number of cases 
of bilateral gangrene occurring in this series is shown in table 2 

Tables 3 and 4 represent the causes of death in these patients It is 
interesting to note that infection remains the predominating factor, oi\nng 
either to delay in receiving proper treatment (nine) or to infection fol- 
lowing operation (seven) Earlier and better surgical treatment still 
offers much toward lowering the death late m these patients 

Table 4 — Summary of Deaths (Hospital) Following Operations for Gangieiit oi 
Infection, from 1923 to 1929, Inclusive 


Cause Deaths 

General septicemia, preoperatne 9 

General septicemia, postoperative 4 

Sepsis, postoperative S 

Infection of stump ivith gas haciUus 1 

Infection of foot tvith gas bacillus empyema 1 

Terminal bronchopneumonia - 3 

Pulmonary embolus 2'' 

Coronary thrombosis 2* 

Sudden death under anesthesia 1 

Cardiorentd disease 1 


27 

* One autopsy 

SUMMARY 

Two hundred eight} -one operations for lesions of the low^ei extremi- 
ties in patients with diabetes melhtus form the basis of this report These 
lesions are classified into (1) those due to arterial insufficiency and (2) 
those due primarily to infection The importance of such a classification 
IS demonstrated by the results obtained 

Staphylococcus alhus has proved of great importance in operations on 
diabetic patients It is the organism most frequently found in cases of 
minor sepsis of the feet and ma} be the cause of fatal septicemia Gas 
bacillus infection following amputation for gangrene has been a rare 
complication in this series Production of gas in wounds infected b} 
staphylococci and streptococci has been frequent!} seen 

The passive exercises of Buerger have proi ed the most sahsfactor} 
method of stimulating circulation 

Indications for the various t}pes of operation done are discussed 
The 281 operations represent 231 separate conditions wnth a mortalit} 
of 11 6 per cent The mortality in 119 major amputations for conditions 
primarily due to arterial insufficiency w^as 17 6 per cent, and in 19 ampu- 
tations for conditions primarily due to infection w'as 10 5 per cent, a 
combined mortalit} of 16 6 per cent These patients died of the surgical 
conditions 

Spinal anesthesia has been the anesthesia of choice 
Early and proper treatment of the surgical lesions will do much to 
preient preoperatne and postoperati\e septicemia, the cause of death in 
50 per cent of these patients 



SPINAL ANESTHESIA IN THE NEAR EAST* 


P W HARRISON, MD 

MUSCAT, ARABIA 

Surgical studies and investigations are made more and more in large 
hospitals where resources are unlimited and assistants numerous It 
IS evident that there spinal anesthesia has a large place But much of 
the world’s surgical work is done, and more will be done, far from such 
centers, as simpler surgical procedures, such as herniotomies and intenal 
appendectomies, are standardized and turned over to the general practi- 
tioner 

The surgeon who works with simple equipment and few assistants 
finds anesthesia his major technical problem The Mayo Clinic can 
report the use of geneial anesthesia in 50,000 cases without a death, 
but inexpert anesthetists, at least in the Near East, have a very different 
record Moreover, the disadvantages of general anesthesia are not 
limited to its occasional fatalities Every surgeon in this part of the 
world has given artificial respiration dozens of times because his patient 
had received too much anesthetic, and much more often his aseptic field 
has been kicked to pieces because the patient had not had enough Deaths 
from postoperative hemorrhage are rare, I have not seen one There 
has been one death from infection Most of the unavoidable dangers 
which still threaten a patient are connected with the anesthesia 

THE PROBLEMS OF ANESTHESIA 

My previous experience with spinal anesthesia was not fortunate 
The convenience of the method is obvious, but it was followed some 
times by very alarming shock and more often by severe headac e^ 
which might last for days, and by paralysis of the bladder 
long-continued catheterization Pitkin’s articles recalled my ^ 
to this method, and from them as a foundation, I have 
procedure which seems satisfactory even m this primitive 
may be worth reporting Spinal anesthesia is now used for prac 
all work below the diaphragm The subject divided itse 
separate problems 

1 The Sptnal Puncfwe — It is not alwaj^s easy to 
needle Twice I was defeated m spite of all efforts The m 
ligament is tough, and it is difficult to keep the needle m 
plane while passing through it On the basis of an idea t a c 


* Submitted for publication, March 14, 1930 
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the Lahey Clinic in Boston, the guide shown in figure 1 was made 
After careful anesthetization of the skin and the structures under it, 
this guide IS inserted to a depth of about 3 cm , usualh between the 
fourth and fitth lumbar spines The needle is then introduced through 
the guide and pushed forward until it enters the subarachnoid space 
This guide has made the spinal puncture a more precise maneuver than 
before For the uncooperative patient who bends backward instead of 
forw'ard, it is r^ery helpful 

It has also made possible the use of needles finer than wmuld be safe 
otherwase No effort is made to force a long thin needle through 
tough structures, and the danger of breakage is less Most of the work 
has been done wath needles of 0 7 mm caliber I found 0 5 mm needles 




1 — The upper figure shows the guide for the spinal needle, one-half 
natural size The lower figure shows the method of use 

impracticable, because spinal fluid will scarcel} flow through so fine a 
needle, and it w'as often impossible to tell when the subarachnoid space 
had been entered I now use 0 6 mm needles wnth much satisfaction ^ 
The w’ound in the dura made by such a needle is trifling Tested 
on the cranial dura of a sheep, needles wnth a long cutting point make 
a hole which is a simple slit Needles with a short betel make a slit 
that is slighti) curt ed Holes made with the needles described have to be 
studied with a magmfting glass Thet show the same characteristics 
as larger ones, but are so tint that it is impossible to credit them with 
gning exit to ant significant amount of spinal fluid before healmcr 

1 -Ml of tins mctrumennrium can be 'ccurcd from C G He\nemann of 
Leipzig Germ-im 
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The only way I could make a trap dooi opening was by forcing the 
dull sheath of a tiocar thiough the duia This leaves a rent, shaped 
like a half circle, fiom each end of which extends a short tangent 

2 The Drug Used — Benzoyl-dimethyl-aminoethylpropanol h}dro- 
chlonde (stovaine) has been abandoned as a local anesthetic because ot 
Its iriitant piopeities A 5 per cent solution injected into the skin can 
cause complete necrosis ~ Howevei, it has come to be used widely as a 
spinal anesthetic, and commonly m a 5 pei cent solution, which is some- 
what diluted of course, in the piocess of injection My limited experi- 
ence with it has not been pleasant It caused a number of severe paralj- 
ses of the bladder One of the patients leturned home with his control 
peimanently impaiied Procaine hydrochloi ide and tutocam seem free 
from such dangers Tutocam has caused fewer headaches than procaine 
hydrochloride, but is not entiiely reliable In one of ninety-three cases 
it faded to pioduce anesthesia I regard procaine hydrochloiide as the 
anesthetic of choice 

3 The Localisation of the Anesthesia — Injected into the subarach- 
noid space as a simple solution, the anesthetic diffuses somewhat 
capriciously Its distiibution can be more accurately controlled if it is 
contained in a heavy viscid medium The viscidity of such a solution 
maintains its individuality, and its weight makes possible the shifting 
of the solution to any desiied point in the dural sac by change in the 
patient’s position I have worked with solutions of dextrose and ot 
cane sugar Coloied with methylene blue (methylthionme chloride, 
U S P ), eithei solution can be seen to maintain its individuality for 
hours when placed at the bottom of a glass of ivater 

The injection of such a solution through a fine needle introduces 
some complications The pi ocess can be observed in a test tube ‘ j 
a needle bent at its tip to a right angle, the solution can be injecte 
against the side of the tube It settles to the bottom of the test tu 
and is diluted to double its original volume, if the injection has 
slow and careful Injection under high pressuie increases the 
of dilution On coloiing the watei in the test tube and injectiHo^^^^ 
anesthetic solution clear, it is found that about a third of the 
solution remains unmixed and of its original strength 
that when fine needles are used in practical work, about 
the solution in the dural sac is of the original strength, an ^ ° 
floats a diluted solution the uppermost fraction of whici is 

very weak resultia? 

When injected against the smooth side of a test tube, tie 
dilution IS fairly constant When injected into the spma can^ 

2 Braun, H Lokalanesthesis, ed 3, Leipzig, Johann A 
1914 p 133 
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the irregular surface of the cauda equina, the resulting dilution is very 
inconstant, and efforts to govern the height of the anesthesia by injecting 
volumes calculated to fill the dural sac to difterent heights have not been 
successful To illustrate, 5 cc of an anesthetic solution was injected 
between the fourth and fifth lumbar spines in each of three successive 
patients The fiist showed an anesthesia of the anal region, togethei 
with a small saddle-shaped area of the adjacent skin In the second 
patient, the anesthesia included the lowei limbs and the penis An 
internal urethrotomy caused no pain In the thud patient, sensation was 
dulled but not altogether abolished at the middle of the thigh 

This consideiable and uncertain dilution of the injected solution is 
due largely to the fine needle used With coaise needles and veiv slow 
injections, the resulting volume vould doubtless be fairly constant, and 
It might be practicable to govern the extent of the anesthesia by injecting 
suitable volumes of fluid I have made no eftoits in this direction, 
because it is easiei to locate the solution, and theieby govein the extent 
of the anesthesia, by adjusting the table on which the patient lies 
Bairing some exceptional contraindication, the injection is made 
between the fourth and fifth lumbar spines The table is tipped up 
enough to ensure a flow of the solution towaid the head, and the 
patient’s head and shoulders are placed on a pillow the height of which 
governs the point wheie the solution lemains 

From the standpoint of the anesthesia, operations divide themselves 
into three classes The fiist class is made up of those requiring an 
anesthesia of the perineum and adjacent skin only Pitkin and his 
colleagues have used this type of anesthesia successfully in obstetrical 
cases I use it for hemorihoidectomies, excisions of fistulas etc Such 
patients are operated on in perfect comfort, and afterward walk some- 
what unsteadily to bed One cubic centimeter of the solution is allowed 
to sink to the bottom of the dural sac, and produces the anesthesia In 
ni} experience, 0 5 cc has been insufficient 

The second class of opeiations is made up of those requiring an 
anesthesia extending only to the umbilicus The patients are given a 
pillow 8 inches (20 32 cm ) high, -with a slanting support for the back 
12 inches (30 48 cm ) long This is usualh satisfactor\ though some 
latei adjustment is sometimes lequiied 

Most of my operating has been done with this tjpe of anesthesia 
It lea^es little to be desired foi amputations of the lower limbs, hernias, 
supiapubic operations on the bladder, appendectomies, etc 

The third class of opeiations consists of those requiring an anes- 
thesia of the upper pait of the abdomen In such cases, the skin must 
be anesthetized up to the nipple line Such patients use a lower pillow , 
5 or 6 inches (12 7 or 15 24 cm ) his^h and a slanting support for the 
back about 8 inches long 
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4 The Duiatwn of the Anesthesia — One of the gieatest defects ot 
spinal anesthesia has been its shoit and somewhat capiicioiis durahon 
Previous to this year, I never felt certain of more than half an hour 
to woik in, and on occasion I have had to fall back on general anesthesia 
within twenty minutes Surgeons with a better masteiy of the method 
were apparently faiily certain of from fifty minutes to an hour It 
would appear from the literature that this is still more or less the situa- 
tion If spinal anesthesia is to have any gieat usefulness, the period 
must be extended, for the whole current of surgical progress is toward 
more painstaking and careful, and therefore longer, operations 

To meet the needs of this clinic, three solutions have been developed 
First, a solution for operations lasting half an houi oi less In such 
cases, I use 0 05 Gm of benzoyl-dimethyl-aminoethylpropanol h} dro- 
chloride or tutocain in 1 cc of a 5 per cent solution of dextrose This 
can be depended on for half an hour’s anesthesia , it seldom lasts much 
longer I use this solution when operating for hemorrhoids, for the 
excision of anal fistulas, for opening abscesses, etc The total number 
of such operations is considerable, and in this limited field such anes- 
thesia is exceedingly satisfactory Of late I have eliminated benzoil- 
dimethyl-aminoethylpropanol hydrochloride in this work 

Theoretically, this duration of half an hour may be due to two factors 


It may take thirty minutes to absorb the solution, the anesthesia ceasing 
when the solution is gone, or conceivably the solution may be absorbed 
more quickly than this but may leave the drug fixed in the nervous 
tissues, its eflfect lasting until it is oxidized oi otherwise eliiiiinated It 
seemed possible to deter mine this point A patient who ivas anesthetized 
to the nipple line was put to bed in a semi-sitting position Within ten 
minutes the line of anesthesia had descended to the umbilicus Ternii 


nated as is to be described, an anesthesia produced by tutocain may bCj,!" 
to fade in even less time that that I concluded that the duration 
the anesthesia produced hy tutocain is only slightly due to fixation o 
the drug in the tissues, and that practically the anesthesia lasts as oig 
as the nerves involved are bathed in the solution and no longer 
This seemed to simplify the problem of a longer 
quantity of the dextrose solution was increased to 5 cc , and m t le^ 
that absorption might be delayed, its concentration was raise 
cent The dose of tutocain was increased to 0 1 Gm This so u ^ 

5 cc of a 10 per cent solution of dextrose, in which is dissohe 
of tutocain, justified my hopes The anesthesia resulting 
duction has never failed to last an hour and a quarter, an 
lasts an hour and a half I have seen no eiidence of meninj,ea 


following its use . ar'i 

Most of the year’s operating has been done with this so^ 
it has given great satisfaction For hernias, appendectoni 
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lions, work on the bladder, etc, the time aftoided is adequate, even 
though the operator gives the anesthetic solution himself before scrub- 
bing up, and thus the first fifteen minutes of the anesthesia are lost 

This solution is satisfactor}^ for most operations, but not for all 
Splenectomies, work on the bile ducts, severe gastric operations, etc 
are done infrequently, but double hernias are common, and they requiie 
a longer period of anesthesia than this solution affords In the effort to 
lengthen the anesthesia further, the use of tutocam was stopped and that 
of procaine hydrochloride was begun This diug apparently becomes 
fixed m the nervous tissues when used as a spinal anesthetic In such an 
experiment as that described, after elevation of the head, the anesthetic 
level does not drop until after about twenty or twenty-five minutes 

Cane sugar was also used in the place of the dextrose, in the hope 
that its larger molecule might make absorption slowei Procaine hydro- 
chloride IS only about half as powerful an anesthetic as tutocam, but it 
IS perhaps thiee times less toxic I theiefoie felt safe in raising the 
dose to 5 grains (0 324 Gm ) This solution, 5 cc of a 10 per cent 
solution of cane sugar in which 5 giains of procaine hydrochloride is 
dissohed, also proved a success The anesthesia resulting from its 
introduction can be depended on foi two houis and usually lasts a little 
longer 

For a prolonged anesthesia of the uppei pait of the abdomen I do 
not inject the solution thiough a 06 mm needle When such a needle 
is used, the upper zone of anesthesia may last from only an hour to an 
hour and a half, while the lower zone persists to the full expected time 
The reason for this is undoubtedly the character of the dilution caused 
by injection thiough a veiy fine needle This has been discussed 
I have had no such troulile when using 0 7 or 0 8 mm needles 

The demands of this clinic are satisfied by these three solutions, and 
no effort has been made to develop anything further It is possible that 
a new local anesthetic lecentl) intioduced in Germany may proride 
anesthesias lasting five and six houis, if its use as a spinal anesthesia 
proves safe 

Dining the past year I saw two patients whose anesthesia lasted for 
hours in a somewhat alarming way Although they seemed none the 
worse for the expeiience, it w'^as disquieting Much more often I see 
patients whose condition makes it desirable to terminate the anesthesia 
as prompt!} as possible after the operative work has been finished 
These, of course, are the patients wdiose blood pressure has not been 
stabilized adequate!} I hare found that a spinal anesthesia can be 
terminated very simply by injecting 4 ounces (1184 cc ) of a 5 per cent 
salt solution intrarenoush This idea comes from Dr Cushing’s clinic, 
w’here the same thing is done to i educe intracranial pressure Anesthesia 
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produced by tutocain begins to fade within five minutes after such an 
injection, and rapidly disappears I have had occasion to use this 
procedure in four such cases, with uniform success Anesthesias pro- 
duced by procaine hydrochloride begin to fade after from twenty 
to twenty-five minutes, and within the following twenty minutes sensa- 
tion returns over the upper part of the anesthetic aiea When 4 ounces 
of the solution is used, the lower part of the anesthetic area, especiall) 
the legs and feet, regain their sensation more slowly When 8 ounces 
(236 cc ) IS injected or the percentage is laised to 10, the effect is more 
lapid, but in two cases in which this was done the reaction following 
was severe I have had occasion to terminate an anesthesia produced 
by procaine hydrochloiide in this way nine times, and have found the 
pioceduie valuable 

These lesults suggested that the injection of 4 ounces of distilled 
watei just befoie inducing spinal anesthesia might prolong its duration, 
but in the single case in which the experiment was tiied it completely 
failed to have any such effect 

5 Stahihsing the Blood Pressuie — Up to this time the effort to 
stabilize the patient’s blood piessure while he is under a spinal anesthetic 
has been associated with and somewhat handicapped by the effort to 
pi event respiratory paralysis, which it is assumed will occur if the 
anesthetic solution reaches and paralyzes the phrenic nerves It would 
seem obvious that this might occui The solutions used paralyze the 
muscles of the lower limbs and of the abdominal wall It is true that 
this motor paralysis is frequently incomplete Evidently the sensory 
nerves are more readily affected by the solution than the motor nenes 
But the motor loots are involved m all cases If they were not, the 
patient could walk back to bed The danger would seem to be 
self-evident, and moieover, at the best, the diffusion upward of tie 
anesthetic is under imperfect control The surgeon lacking all appa 
ratus for maintaining artificial respiration has the feeling that he is 
walking on the edge of a precipice 

Apparently the self-evident conclusion is wrong Le Riche a 
Labat have long since interpreted these cases of “respiratory 
as cerebral anemia due to low blood pressure Far more convin 
IS the recent woik of Koster and Kasman,® who showed that ^ ^ 

cent solution of procaine hydrochloride applied to the medu la 
has no influence on the respiratory movements Two and one 
cent IS a strong solution, and if this work is confirmed an i 
determined that the human tissues are no more suscepti e t 
of the cat, there would seem to be no reason why plastic jj, 

the nose cannot be done easily and safely under spinal anes 

/n ) 

3 Koster H and Kasman L P SiirsT G^nec Obst 49 



HARRISON-SPINAL AN ESI HESIA 


589 


this clinic, woik IS done with a 6 pei cent solution of piocaine hydio- 
chloiide, and aftei injection a fiaction leinains at that strength, while 
most of It must be abo\ e the 2 5 pei cent used by these authors It 
seemed woith while to asceitain \vhat effect such a solution might have 
when applied to the medulla 

Tw'o goats weighing 42 and 30 pounds (19 1 and 13 6 Kg ), lespec- 
tively, w'eie each given intiaspinally 4 cc of a 10 per cent solution of 
cane sugai m wdiich was dissolved 4 giains of procaine hydiochloride 
They weie immediately hung up by the heels, and remained suspended 
for five minutes, aftei wdiich time they w^eie laid on the floor Both of 
these animals show'ed complete paialysis of their hind legs, and neaily 
complete paralysis of their foi clegs Then voices were almost lost so 
that they could bleat only m a soit of a wdusper The entiie body, 
including the face, was anesthetic, wnth the exception of the ears, which 
lemamed unaffected Respirations w^eie quiet and with the animal lying 
motionless on the flooi w'eie shallow, but pinching the ear with a hemo- 
stat gave use to active and exaggeiated respiiations Aftei about an 
houi and a half the animals got up and stood on their feet more or less 
unsleadil), and shoitly thereaftei the effects of the anesthetic disap- 
peaied A 10 pound (4 5 Kg) gazelle that w^as given 2 cc of this 
solution died after a suspension of thiee minutes He died in the midst 
of spasmodic, ii regular movements and apparently not from pnmary 
respiratory paialysis It w^ould seem that the danger of lespiiator}- 
paralysis is not so immediate as w'as supposed It will doubtless be 
possible to work out this point accurately and to eliminate all iisk of 
respiratory pai alysis 

The dangei of lespiratory paialysis may be fictitious, but the dangei 
of falling blood pressuie is not It is this moie than anything else that 
frightened opeiatois away from spinal anesthesia in the past The 
present revival of its use is due largely to the introduction of ephedrine, 
which has gained wide use as a stabilizer of the blood pressure m these 
cases 

Anesthesias confined to the peiineum have no effect on the blood 
pressure In thirty-four such opeiations, I have had no trouble When 
the anesthesia reaches to the umbilicus, the patient’s blood piessure 
requires some stabilizing For these cases, I use from % to 1 gram 
(0 0486 to 0 065 Gm ) of ephedrine, given subcutaneously just before 
the operation This answers the purpose very well Of eighty-three 
such cases only one required some epinephrine to reinforce the blood 
pressure during the operation 

Work in the upper part of the abdomen, however, still presents 
serious problems To abolish sensation completely the fourth thoracic 
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segment must be i cached, and the skin up to the nipple line will be made 
insensitive The whole splanchnic area and everything below it have 
then vasomotoi tone abolished, and it is necessary to supply some 
adequate exteinal vasoconstrictor stimulus for the whole period during 
which neivous control is lacking Up to the present time this has been 
only imperfectly accomplished The year’s experience included fifty- 
eight anesthesias reaching to the region of the nipple line Fifteen of 



Fig 2 — Record of the effect of anesthesia during operation for partial ampu ^ 
tion of a foot, Feb 28, 1929 Epinephrine was given to check a threatening 
the blood pressure In this and the succeeding figures, the solid shading sio«s 
anesthetic period, the partial shading, the operative period 


these patients vomited during the course of the operation, and four m ^ 
suffered from nausea The systolic blood pressure was usua y s ^ 
60 mm when vomiting occurred Many of the remainder su 
from a marked drop m the blood pressure None of these 
but it cannot be supposed that such drops in blood pressure are 
of indifference Adequate means of supporting vascular tone m ^ 
developed so that the blood pressure curve will remain norma } 


H4RRJS0N—SPIN4L ANESTHESIA iyi 

I have been unable to discover any method by which ephednne will 
accomplish this Neither massive initial doses nor repeated smaller 
doses will call)' a patient with a high spinal anesthesia through a long 
operation safely Epmephiine is a much more poweiful drug I have 
met no situation m which it was incapable of raising the blood pressure 
Figuie 2 IS an illiistiation of this capacity Obviously a drug that can 
elevate blood piessuie m this way is capable of maintaining it, if a 





Fig 3 — Record of the effect of anesthesia during a difficult operation for 
hernia, March 27, 1929 Anesthesia extended to the umbilicus The patient was 
extremely nervous, and fainted during the spinal puncture There was a tendency 
to a fall in blood pressure, due probably to the extreme mental reaction The 
situation was controlled fairly well by the administration of epinephrine 


suitable method of administration can be devised Epinephrine seems 
to be the agent needed 

The problem of adnnmstiation, howevei, is difficult Figure 2 
illustrates not only the power of this drug, but its exceedingly precipitate 
and brief action However, its action seems to last for ten minutes, so 
that a series of expeiiments was run m which the blood pressure was 





Fig 4 — Record of the effect of anesthesia during splenectomy, April 19, 192 
Anesthesia of the diaphragm was not complete The blood pressure was con 
trolled fairly well by the use of epinephrine 



\prii 

atei' 

red 


25, 1929 Anesthesia extended to the nipple line ic occur 

elevated throughout the operation The drop m blood P’' sitting posW'- ' ^ 
when the legs were lowered, is well shoAvn On assuming {jjQod prcs^uri- 
anesthetic level dropped within ten minutes The contro 
epinephrine was fairly effective 
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maintained by the injection of 1 5 minims (0 09 cc ) of epmephiine 
(the commercial 1 1,000 solution) eveiy ten minutes This was a gieat 
impiovement, and gave some encouiagmgly flat blood pressure curves 
If the routine dosage pioves inadequate, it is a simple matter to increase 
It Some irregularities in results appaiently were due to capricious 
absoiption from the subcutaneous tissue I have come to prefer the 



Fig 6 — Record of the effect of anesthesia during the clamp and cautery opera- 
tion for hemorrhoids The patient was improperly placed Anesthesia extended 
to the nipple line The control of the blood pressure by epinephrine was very poor 
until the legs Mere elevated 


intramuscular administration of this drug Figures 3, 4 and 5 are 
illustrations of results seemed by the administration of epinephrine in 
this way 

There aie some cases in which this method fails to control the blood 
pressure adequate!} In these I have found it of great assistance to 
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elevate the feet of the patient The operation is not embarrassed b) 
this procedure The head and trunk aie left undisturbed Epinephrine 
plus elevation of the lower limbs has controlled every situation that I 
have encountered Figure 6 is the record of such a case 

Profiting by what I have learned of the ability of cane sugar to 
retaid absoiption, I ran a small senes of experiments in which the blood 
pressure was maintained by the injection of 1 cc of epinephrine dis- 
solved in 5 cc of a 10 per cent solution of cane sugai One half of the 
solution was injected subcutaneously and one-half intiamusciilarlv 
This proceduie appeals to control the blood piesstire reliably for one 



Fig 7 — Record of the effect of anesthesia during an operation for 
the reclining position, and the clamp and cautery operation for 
the semisitting posture, Jan 8 , 1930 There was a descent of the anest e w 
from the umbilicus to the pubic region within twenty minutes after ^ 
position The anesthesia was terminated by the intravenous injection o^ 
of 5 per cent salt solution The blood pressure was controlle J ^ 
epinephrine Absorption was spread over an hour by means of cane sug 


hour At the end of that time, the dose should be repeate 
method also, there are certain cases that require elevation o 
My experience with this method is small as yet, but it seems 
well Figures 7 and 8 are charts fioin such cases j-ol«b!} 

The repositor) injections recently reported by Straiich 
eventually provide just what is needed B) emulsifyiUb 


HARRISON-SPINAL ANESI HESIA 


595 


a. carefully adjusted medium, he was able to distribute its action over as 
long a period as was desiied When this method is ready for general 
use, the problem of stabilizing the blood pressure during spinal anes- 
thesia will probably cause no more tiouble ^ 

6 Postanesthetic Complications — I have been able to deal fairly 
well with the situations arising m the course of a spinal anesthesia 
Postanesthetic complications have given me moie tiouble, vomiting is 
the most frequent Sometimes it is due to a faulty solution On a trip 



Fig 8 — Record of the effect of anesthesia during an internal urethrotomy, 
Dec 26, 1929 There was an unexpected diffusion upward Anesthesia extended 
3 fingerbreadths above the nipple line Anesthesia was terminated by an intra- 
venous injection of salt solution The blood pressure was controlled by 1 cc of 
epinephrine m 10 per cent solution of cane sugar The control was very poor until 
the legs were elevated 

to an outlying district 50 per cent of the patients vomited after the 
anesthesia Investigation showed that the distilled water had been run 
through some old rubber tubing, and the injected solutions were very 
acid in reaction A drop of 5 per cent sodium carbonate solution 
reduced the vomiting to a small fraction of its previous frequency 


4 Stranch, C B Repository Injections, J A M A 92 1177 (April 6) 1929 
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Headache is also troublesome, and is usually associated with vomit- 
ing Excluding the period when I Avas working with solutions that 
Avere obAUOusly unsuitable, headaches occurred in about one case in ten 
They usually last less than twenty-four hours, and are amenable to 
acetylsahcyhc acid Severe pains in the limbs occurred in one case 

I find It difficult to believe that these headaches are due to leakage 
of spinal fluid through a large puncture Avound in the dura I have 
ahvays used 0 7 mm needles in this Avoik In the days Avhen I used 
a simple solution of piocame hydiochloiide, headaches were frequent 
and severe I use the same needle now and the same drug, but in a heavy 
solution of cane sugai or dextrose, and A\nth attention to the reaction of 
the injected solution Headaches occur noAV in perhaps 10 per cent of 
the cases and aie of a mild type The use of 0 5 mm needles did not 
reduce their frequency 

Tavo rather distressing fatalities taught me that some impairment 
of vasomotor tone lasts foi a considerable time after the anesthesia has 
disappeaied Two Avomen Avitli enoimous ovarian cysts entered the 
clinic and were operated on during the same afternoon One of the 
cysts Aveighed 56 pounds (25 4 Kg ) , the other was estimated at 40 

(181 Kg) In each case the abdomen was under marked tension Such 
cases are fairly common m Arabia Duiing the past fifteen years the 
membei s of this clinic and their immediate neighbors have seen perhaps 
twenty cases Barring adhesions, the removal* of such a cyst is easy 
None of the patients has needed treatment for postoperative shock 
These two women were opeiated on under tutocain anesthesia, 01 Gm 
in 5 cc of 10 per cent dextrose solution Ephedrine, 1 grain, Avas given 
beforehand Severe shock developed aftei the operations, m seven 
hours in one patient and in, twenty houis in the other, and they die 
Sirlce this experience, I have regarded it as probable that some impa”" 
ment of vasomotor tone lasts at least through the first twenty-four hours 
after a spinal anesthesia I regaid as unsuitable for such anest esia 
cases in which the operation in itself leaves a damaged vasomotor ton ^ 
To add to such damage the furthei impaiiment of spinal anest lesia 
dangerous 


COMMENT 

I have come to regard spinal anesthesia as the procedure 
for surgeons working in the jungle, as w'ell as for those m lart,e c 
There is still, however, a good deal of work to be done m per ec^^^^ 
method of anesthesia, and the experience of many observers 
to be assembled before all of the questions concerning it ave a 



THE ETIOLOGY OF NEOPLASMS OF THE BREAST 

WITH NOTES ON THEIR RELATION TO OTHER TUMORS OF 
THE REPRODUCTIVE SYSTEM 
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(Concluded fioin Page 443) 

CLINICAL STUDY 

The following pages contain a report of the results of a study of 
271 women who entered the Memorial Hospital primarily on account 
of some form of neoplastic disease of the breast The special object 
of the analysis of these cases is to afford a rough test of the fitness of 
the conceptions derived from the preceding theoretical discussion for 
explaining the origin of a senes of typical breast neoplasms The 
material used, although relatively small, has been examined with con- 
siderable care and it is felt that such an approach by means of a detailed 
study of a few cases is essential m what must be looked on as a pre- 
liminary survey of a rather new field 

The entire group of cases came under my direct observation while 
the patients were attending one of the outpatient clinics at the Memorial 
Hospital The majority were questioned and examined during their 
first visit to the hospital When it became evident, however, that this 
group of patients was yielding a relatively small number of cases in 
which pathologic specimens were eventually becoming available, about 
100 patients were added to the list from the follow-up clinic of the 
breast department 

CL ASSiri CATION 

The general failure of statistical studies to lead to any definite con- 
clusions on the nature of the exciting agent in tumors of the breast may 
be attributed to the fact that these statistics have invariably been based 
on a mass of unsorted material In this paper, therefore, an attempt will 
be made to classify the cases into groups as morphologically homo- 
geneous as possible and further to subdivide these according to the 
physiologic condition of the breast under which the tumor appears to 
have originated 

Moi phologtc Classification — {A) Benign Tumors One hundred 
and fifteen benign tumors are included in the study The examination 
of the nonmahgnant forms is useful, for these forms are at least par- 
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tially classifiable and the obvious differences in the etiologies of fibro- 
adenomas and chronic mastitis make apparent the possible differences 
in origin that may exist in various malignant forms 

(1) Fibro-adenomas, characterized by being sharply circumscribed 
and having histologically a high degree of organization 

(2) Painful nodules, the lesion regarded by Moszkowicz as close!) 
related to and possibly the precursor of the fibro-adenoma and shown 
by Sebening to consist of circumscribed areas of hyperplasia Cases 
of this condition are often loosely classified by clinicians as “chronic 
mastitis,” and indeed, in practice, the disease is difficult to delimit from 
the fibro-adenomas on the one hand and from the diffuse hyperplastic 
processes on the other 

(3) “Chronic mastitis,” characterized essentially by a diffuse hyper- 
plasia of the breast epithelium Under this head have been placed 
certain cases exhibiting a minor degree of localization of the process as 
well as the completely generalized lesions 


(4) Papillar}'^ growths, represented in this study by a few cases ot 
intraductal papilloma and papillary cj^stadenoma The number of cases 
was too small to permit further subdivision 

(B) Carcinoma Criteria are almost entirely lacking for a classi- 
fication of cases of cancer of the breast from a genetic standpoint Two 
theoretical means of genetically subdividing such cases will be consid- 
ered In the first place, there is a definite possibility that certain 
cancers, particularly those in younger women, are derived from or under 
similar circumstances to the fibro-adenomas, whereas a second group 
may arise in similar relation to chronic mastitis The other point of 
approach is thiough the study of the different histologic types of cancer 


of the breast to which special reference is made later 

The assignment of a given case to any particular morphologic cate 
gory has in many instances in the present paper been accomplished on 
purely clinical grounds since the majority of patients with benign 
were not considered to require operation and a number of those mi 
malignant growths received only radiation therapy The latter wer 
advanced or recurrent and there can be little doubt of the diagnosis 
It must be noted finally that in the study of tumors one is 
concerned with at least two problems, the origin of neoplasrns in g^^^ 
eral and the reasons for their occurrence in, or evolution throug , , 

stages of cellular undifferentiation In general, in the following^ 
the divergences from the normal that are common to both 
malignant tumors are best interpreted as instrumental m the pro ^ 
of neoplasms m general, while differences between {jic 

benign and the malignant senes should, theoretically, give a 
conditions which produce the variations in cellular differentia 
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Physiologic Classification — An age classification is nearly essential 
in the clinical study of tumors for the factor of elapsed time since the 
period of activity of a hypothetic etiologic agent is most important m 
evaluating its possible efiectiveness in the production of the tumor 
Lactation accidents probably have less relation to cancer in women at 
the age of 70 than at 40 years Such a classification is of special 
importance in the hi east for m this organ a sharp line is drawn at the 
menopause marking a complete anatomic and physiologic transformation 
which IS so fundamental that the eflfects of many previous abnormal 
stimuli must entiiely lose their significance after the change is complete 
A history of abnormal menstruation has an entirely different value 
depending on whether it is found in the present history of a woman 
developing cancel at 30 or in the past history of a patient with cancer 
at 60 

The classification adopted which depends on the theoretical state of 
the ovarian function is as follows 

Ai Women from pubert} to the age of 35 m whom a normal ovarian function 
should be expected 

A: Women from 35 up to 40 years of age, in whom a decline in ovarian 
activity may be beginning, although evidence of this decline is not to be expected 
in the normal woman 

Bi Women over 40 in whom menstrual irregularities have not yet appeared 
but m whom some physiologic decline m ovarian activity may be assumed 

Bo Women over 40 who were showing menstrual evidence of approaching 
menopause at the time of or within a year after the detection of the tumor and 
those whose final period had occurred less than six months before the detection of 
the tumor 

Bs Women over 40 who have ceased to menstruate for from six months to five 
jears, in whom some ovarian activity is probably still present 

Cl Women from five to ten years past their menopause in whom the effect of 
the ovary on the breast must at most be a very indirect one 

Cs Women whose last period lies over ten years behind them in whom ovarian 
activity has long been apparently extinguished 

In most of the tabulations to be presented, the cases haA'^e been recom- 
bined into three major physiologic groups, A, B and C, or premeno- 
pausal, intramenopausal and postmenopausal, respectively All cases 
have, however, been separately charted under the more complicated 
system, and when differences occurred that are not apparent in the 
combined totals they will be noted 

In order to make the time relation as accurate as possible, all ages 
were corrected by subtraction of the known duration from the age 
given by the patient on admission except in those instances in which a 
new growth activity had been superimposed on a quiescent tumor of 
long standing Yet many growths ma}'- have had their microscopic 
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inception years before the apparent onset Such a long latent period 
in the early history of neoplasms is perhaps especially to be considered 
in the stud}'- of old age tumors 

AGE INCIDENCE 

The pattern of age incidence of any gioup of tumors has great sig- 
nificance, since the occurrence of a given tumor form in a special age 
epoch requires the consideiation of a possible relationship with the 
disturbances of function peculiar to that period 

The age table (table 1 ) gives certain fundamental points 
{A) Benign Tmnois — Benign tumors are practically limited to the 
period of ovarian activity This is a positive observation common to 
almost all statistics (Primrose, Bunts, Gross), but its immense impor- 
tance IS usually overlooked 

Table 1 — Age Inadctice 
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Fibro-adenomas occur characteristically in the very young womei 
(McFarland) and are thus definitely associated with the developm^^^^ 
years of sexual activity The statistics of Bunts show a secon 
the incidence of fibro-adenomas near the menopause, but this is 
sibly to be explained as an inclusion in the group of many sma , s 
what localized tumors associated with chronid mastitis of the t}p 
Bloodgood designates a nonencapsulated adenoma 

Cases of circumscribed hyperplasia (painful nodules) are 
almost exclusively among the young women 

Cases of chronic mastitis are scattered A large num er ap^ 
an early age This group of patients had many characteris ics 
mon with those suffering from localized painful lumps, an i^^i^ chronic 
that a mistake was made in classifying them at all ^jiffusc 

mastitis of later years A second concentration o case ^ 
“chronic mastitis” occurs in very definite relation to t e of 

great majority of the patients appearing to be actua } m 
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the “change ” Statistics based on cases of chronic mastitis that have 
come to operation usually emphasize more definitely this high incidence 
in the years just before the menopause 

It IS to be noted that it is the tumor with the organic structure 
resembling in some i aspects that of the normal breast that occurs m the 
developmental years, whereas the diffuse hyperplasia is more frequent 
in the regression period 

(B) Caicmoma — Theie is evidence in table 1 also of a relatively 
high incidence of cancer of the breast m young women as compared 
with that of many other foims of cancer A trifle over a fourth (26 5 
per cent) of the cases occur before the fortieth year Two-thirds (68 4 
per cent) have occurred before the women have reached a point five 
years after the menopause and 83 9 per cent have occurred before the 
menopause has been passed by ten years 

These figuies correspond fairly well with the figures that Lane- 
Claypon listed for America where the age incidence appears to be 
especially low, while in a collected group of 8,053 cases from many 
countries, Lane-Claypon’s figures show a somewhat higher average age 
incidence 

The relative frequency of malignancy in young women is a peculiarity 
which the breast shares with the other organs of the reproductory sys- 
tem, a fact which has been commented on by many writers Lauterborn, 
and later Paulsen, using a very large number of statistics, were able to 
point out that while before the age of 50 cancer affected women far 
more frequently than men, there was a gradual equalization of the ratio 
in the sixth decade This early preponderance m women appeared due 
to the special quota of cases supplied by the leproductory organs, and 
as a result Lauterborn concluded that the high early age incidence of 
cancer in females was due to a disturbance of the internal secretory 
function of the sex cells Gade, taking a slightly different point of 
view, ascribed the frequent development of cancer of the reproductory 
tract in young women to the earlier senescence of these organs as com- 
pared with those of the other body systems It would be only a minor 
modification of Lauterboin’s theory to suggest that cancer of the breast 
occurred early because the precancerous lesions from which it is derived 
develop during the period of ovarian activity and particularly in relation 
to the menopause 

Cases of carcinoma do occur in considerable number, however, many 
years after the benign growths have become great rarities This essential 
difference in etiology is emphasized by the observation that cancer 
appearing at the menopause is usually associated with grossly demon- 
strable chronic mastitis while cancer m an older woman appears usually 
as an isolated process in a smooth and atrophic breast From MacCarty’s 
statement that chronic mastitis was present in all of 1,000 cases of can- 
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cer of the breast, it appears that this benign piocess never entirely 
disappears, but the clinical evidence of chronic mastitis in the breasts 
of older women is neveitheless so slight that the microscopic observa- 
tions of MacCarty may well represent mere remnants of the hyperplastic 
tissue formed at oi before the menopause 

(C) Smcoma — Although cases of sarcoma do not appear in the 
present study, it is interesting to note that the peak of the sarcoma 
incidence occurs at a much lower age than does that of carcinoma 
(Gloss), suggesting the possibility that the former tumois are espe- 
cially related to the fibi o-adenomas, which exhibit an early age incidence 
and possess often considerable connective tissue activity 

DEGREE OF BREAST DEVELOPMENT 

The vaiious estates lelative to mariiage and maternity are to be 
considered in this papei chiefly’- in the light of their function of produc- 
ing hy’-pertrophy of the bieast, and the history’^ of the course of lactation 
IS to be regarded as indicative of the degree of breast development that 
has been attained 

{A) Relation of Maiuage and Piegnancy to Tumois of the Bieast 
— The relation of these factors to the tumors of the present group is 
presented in table 2 A, but since reliable figures on much larger groups 
of cases exist it is pieferable to discuss these 

In a total of 14,419 cases of cancer of the breast collected from 
many different sources, Lane-Clay^pon found 18 3 per cent single women, 
as compared with 11 per cent unmarried among 43,022,572 women o 
over 40 living in the ten countries from which the breast figures were 
assembled Hoffman, Simons, Deelman and Crile have each emphasize^ 
this relative preference of cancer for the unmarried woman, and Pe er 
attributed to pregnancy a “piotective influence” against carcinoma Lane 
Claypon’s own study showed the same relative frequency of 
of the breast among single women and pointed furthermore to t e a^^ 
that among married women the fertility in the cases of cancer u 
definitely less than that of the noncancerous controls 

The first cited figures, the size of which give them ^ 
beyond the hope of any single series, are of tremendous signi canc 
lactation errors or accidents have anything to do with cancer 
breast, one must wonder why the cases so predisposed have 
balanced the statistics in favor of the married and fertile women 
of the cervix occurs about fifty times as frequently'- in 
single women Its etiology is strongly influenced by the e ec s 
bearing The supporters of the belief that the inflamma^^ 
congestions incidental to childbirth are provocative o canc 
breast have to explain in the first place the fact that 
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relationship here cannot compare with that existing for carcinoma ot 
the cervix, secondly, that there is positively no greater incidence ot 
cancer of the breast in women who have had children and finally that 
the revel se of what should be expected from a lactation-inflammatori 
theory is true, namely, that the disease is commonei in single than m 
married, and in nulhparous than in child-beaiing women 

The apparent protective effects of marriage and childbirth may pei- 
haps find their explanations in the following considerations 1 The 
women who marry aie in geneial more nearly normal sexually than 
those who have either no opportunity or no inclination to do so 2 The 
physiologic effects of marriage alone and to a gi eater extent those of 
pregnancy lesult in the moie complete matunty of the reproducton 
organs and the elimination of certain minor but perhaps frequent 
defects of development and function 3 Sterility in paiticulai is evi- 
dence of the existence of abnormalities of the reproductory organs, that 
may be congenital or acquired, and affect the breast through the ovarj 

Examination of table 2 A leveals the following points which ina} be 
added cautiously to the conclusions drawn from the laiger statistics 
1 The fibro-adenomas show a particular tendency to occur among 
nulhparous women 2 The so-called “painful nodules” show a some- 
what less marked tendency to occur in breasts that have never undergone 
pregnancy hypertrophy 3 Cases of chronic mastitis, on the contrary, 
tend to occur in women who have borne children, a fact corroborative of 
McFarland’s histologic studies on residual lactation acini but contra- 
dictory of the reports of certain other writers such as Semb 4 In the 
malignant group, the proportion of women who have borne children is 
at all ages lower than in the chronic mastitis series and higher than m 
the fibro-adenomas, an observation suggestive of the possibility that 
cancer may'^ sometimes be related etiologically to the localized and some 
times to the diffuse processes 

As regards both the benign and malignant tumors, relatively man} 
more single women are affected m the eaily^ age groups than m ^ 
later This is partly due to the higher percentage of single 
that age m the general population, but it also indicates that in } o ^ a 
women, in pai ticular, congenital predispositions may be especia } nn 
tant For the malignant series it may indicate that in the younge o 
groups theie are more fibro-adenoma derivatives 

(B) Relation of Lactation to Tiiniois of the Bieasf 
tance of the function of lactation in the life history of the re 
made it an obvious field for study and many authors (Leaf, 

Claypon) have found an apparent relation between certain a pj 

of nursing and the development of cancer Lane-Claypon s 
the literature on the subject led her to no conclusions, ut m 
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studies the cancer group contained a higher percentage of women who 
had not nursed their children (and also, paradoxically, more who had 
nursed their children over excessively long periods) than did her control 
group She stated that the nonlactation “seems” chiefly due to disincli- 
nation on the part of the mother 

(1) Nui sing Failures In regard to the actual incidence of nui sing 

failures among the women in this series, the following points stand out 
from a study of tables 2 B and 3 1 If one considers the incidence of 

lactation failures in reference to all the children borne by the patients 
with tumoi (table 3), it appears that 91 4 per cent of the childien of 
women with benign and 91 7 per cent of the children of women with 
malignant tumors were nursed for at least a short peiiod and that 
69 3 and 77 4 per cent of the respective groups weie nursed foi at least 
SIX months As a lough control for these peicentages may be mentioned 
the report of Mitchell who found that of 3,000 normal mothers bringing 
their babies to the Children’s Hospital in Philadelphia, 80 per cent had 
nursed then children for some time and 40 per cent had nursed over 
SIX months It appears, therefore, that the nursing record in these 
cases of tumor has been excellent 2 The children of the patients with 
cancer had been more often successfully nursed than those of any of the 
patients with benign tumor, but m particular more often than those of 
patients with fibro-adenoma and “painful nodules ” 3 There was 

scarcely any difterence in the incidence of nursing failures m the young 
as compared with the older cases of cancer 

(2) Causes of Nursing Failure According to the special theory 
of tumoi genesis which one has in mind, one may evaluate the history of 
breast behavior during lactation m terms of congestion and stasis or of 
development and functional capacity On account of this divergence in 
point of view, it is of great importance to note that in the present group 
of women, by far the commonest cause of failure to nurse normally for 
at least six months was insufficient milk supply, i e , inherent physiologic 
deficiency (table 3) Next to this reason in order of frequency come 
infantile causes, including stillbirths, then maternal illness, including new 
pregnancy Weaning on account of local breast trouble, usually abscess, 
accounts for a few cases, while the number of children deliberately not 
nursed, when the physiology of the breast and the health of mother and 
child permitted it, is almost negligible About 2 per cent of all children 
of all groups were thus deliberately refused the breast by the mother 

3 Nursing Capacity Since it is clear that at least among the women 
now under consideration refusal to nurse pla)'-ed essentially no part and 
a physiologic deficiency was the chief cause of failure to nurse properly, 
it is necessary to consider m special detail the factor of underdevelop- 
ment as manifested by hypogalactia An idea of the normal incidence 
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of this condition is given by Lande’s figures which showed that of 807 
women, 4 5 per cent were unable to nuise at all (primary hypogalactia) 
and 11 pel cent failed within three months Othei writers give some- 
what higher figures (Coerper and Werner, Kahn, Wintermtz) 

A consideration of the incidence of hypogalactia among these 
women with tumois of the breast shows the following 1 The total 
incidence of hypogalactia did not dilter greatly from the apparent nor- 
mal incidence, for the figures for the tumor senes were as follows 
Primary hypogalactia, benign, 1 8 per cent , malignant, 3 1 per cent , 
secondary hypogalactia, benign, 15 3 per cent, malignant, 9 4 per cent 
2 There is no reason to believe from the history of their function that 
the breasts of patients with cancer were inferior developmentally to the 
benign group, for (a) in table 2 P it is clear that the percentage of 
women with carcinoma of the breast who. when they made the attempt, 
were alwa}S able to nurse their children is considerably higher than 
for any of the benign groups, although (b) if one omits the women in 
whom a full lactation was accomplished at least once, then the number 
of women in whom complete bieast maturity was possible (or in whom 
on at least one occasion satisfactory drainage was established) is almost 
exactly the same for all carcinomas and for the cases of chronic cystic 
mastitis 3 The cases of fibro-adenoma and “painful nodule ” however, 
give evidence of a probably inherent factor of subnormality by the con- 
sistent failure of the breasts of these women to give a proper supph 

Suinmaiy on Lactation — There is no clinical evidence that the 
refusal of the mother to nurse has any relation to development of tumors 
of the breast There is a little evidence to point toward the belief that 
women who have a physiologic incapacity to nurse may be particularly 
predisposed to the development of fibro-adenomas and certain forms oi 
hyperplasia 

PREVIOUS BREAST DISEASE 

{A) Engoi gcment m the Piici peuum — Statistics on this subject aie 
perhaps of little value for moderate engorgement of the breast is a 
practically normal incident at the onset and termination of lactation, and 
it IS also not clear whether its occurrence in a severe form is to be 
regarded as significant as a sign of special breast constitution or impor- 
tant as evidence that the breast has been subjected to a period of non- 
mfectious inflammation 

The figures as obtained m this study appear in table 4 There is no 
apparent difference in the frequency of this condition m the benign and 
malignant conditions, but m each the history of engorgement is more 
common m the young women with tumors than among the older 

(S) Mastitis Puei pci alls — The figures in table 4 show an appaient 
incidence of mastitis (suppuratue and nonsuppuratn e) of 7 9 per cent 
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of all the lactations of the benign gioup of cases and 7 1 per cent ot 
the malignant There is thus apparently no reason to believe that 
inflammation has anything to do with malignancy as opposed to tumors 
in general 

As compared with the appaient normal incidence of mastitis, these 
figures are definitely high Weber cited the statistics from various 
modern clinics as varying from 0 64 to 1 93 per cent, although it must 
be noted that such figures lefer as a rule only to the incidence of mas- 
titis while the patient was in the hospital Older writeis, however, such 
as von AVmckel, in 1878, gave 5 9 per cent and Kohler, m 1882, cited 
13 per cent It is probable that the sanitary conditions under which the 
women of this report bore their children more nearly appioximate those 
on which the older figures are based 

In passing, it is interesting to note that in spite of the general fall 
in the apparent incidence of puerperal mastitis since von Winckel’s day 
and the impioved hygiene of the lactatmg breast in civilized countries, 
there has been no evident coi responding fall in the frequencv of mam- 


mary cancer 

A division of the types of mastitis in the history adds a little more 
hope of accuracy 

(1) Nonsuppurative Mastitis The apparent occurience of this dis- 
ease almost exclusively in the breast affected by the later developing 
tumor (table 4) is in agreement with the results of Lane-Claypon s 
studies and gives peihaps some special significance to this featuie of the 
histones Yet certain reseivations must be made 1 The determination 
from the history of what should be listed as nonsuppurative mastitis and 
what engorgement is nearly impossible It is therefore small wonder 
that the estimates on the occurrence of mastitis in the history of breast 
cases have varied from 5 3 to 89 per cent (Lane-Claypon) 2 The 
localization by the patient of the side in which the mastitis occurre is 
extremely susceptible to suggestive influences 3 The fact that non^ 
suppurative mastitis was a trifle moie frequent in the benign than m ti^ 
malignant series alone detracts from the weight of the evidence, i 
be any, that it is in any way related to cancer apart from tumors 


general 


(2) Suppurative Mastitis In abscess of the breast one a 
definitely determinable subject foi historical study since a pa^ 
remember an incision The incidence of abscess of the breas 
history of the women m this study (2 4 per cent of the 
benign series and 3 4 per cent of the malignant senes) is 
somewhat higher than the averages reported by most mo ern ^ 
(Baer and Reis), but as has been noted such reports 
women under the most careful supei vision and include on r 



Table 4 — Lactation Accidents 
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Summary on breast afTected — Mastitis benign, tumor side 8, bilateral, 1, normal, 1 0 , malign int, tumoi side, 10, bilateral 0, noimal, 
Vbscess Benign, tumor side 3, bllateial, 0, normal, 1, malignant, tumor side, 7, blixteial, 1 nnimal 1 
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of the early puerpenum It appeals then that the incidence of abscess 
of the bieast among cases of tumor was slightly if at all above that of 
the general frequency This result agiees with Lane-Claypon’s conclu- 
sions on her larger series 

It should be noted furtheimore that of the seven patients with cancer 
who had a history of abscess in the same breast, three showed the scar 
in a different quadrant from that of the tumor, two showed no scar and 
in a sixth a small lump from which the cancer was said to have arisen 
had preceded the abscess by many years 

(C) Abscess Um elated toPiegnancy (table 5) — Six patients, three 
with benign and thiee with malignant growths, gave histones of an 
abscess of the breast when not pregnant This is a very hi^ incidence 

Table S — Pievtous Noupuei pci al Bieast Disease* 


Premenopiuse Menopiuse Postmenopause Total 


Fibro-adenoma 0 

Painful nodule 0 

Chronic mastitis 3 

Papillary growths 0 
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Of si\ nonpuerptrsl abscesses, four were on noriml side, one on tumor side and o 
undetermined . 

Previous tumors includes those removed md also certain long evistent nmfisoent lumps 
of which a malignant growth appears to have originated 


It IS not clear whether these abscesses should be regarded as significant 
from their possible character as inflammations, perhaps tuberculous, or 
as infected cystic tumors The majonty were in the breast unaffecte 
by the later tumors 

(D) Previous Tumois of the Bieast (table 5) — ^The history 
existence of other tumors prior to the one for which the patient 
the hospital adds considerable to the complexities of localwing t e tiin^ 
at which one should seek for the etiologic factor In table 5 
the combined figures of the patients from whom a tumor of tie 
had been previously removed and those in whom the present ma 
growth appeared to have originated from a long existent enign 
Table 7 shows that many of these growths had been present 


time 

It IS noteworthy that the highest frequency of a jq a 

previous tumors was in the old age group, an observation 
small degree supports the suggestion that the old age tumors^a 
nant transformations of benign abnormal tissue the etio ogi 
which lies back during the period of ovarian activity 







Explanation — Definite trauma single Inj 
Injury as with a crutch or from corset steels 
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(E) Piemous Bteast Tiauma (table 6) — The possibility that 
trauma may be capable of initiating abnormal epithelial proliferation in 
the breast is testified to by certain histologic studies such as those ot 
Bartlett who has reported seven cases of umlateral hypertrophy of the 
breast before puberty and one in a man over 70, all following an injury 
That these breasts, though unilaterally developed, were themselves more 
or less symmetrically formed makes it appear probable that the tiauma 
was only one of the causes of the growth 

Lane-Claypon’s review points out that a history of breast tiauma has 
been found in cases of cancer in from 2 6 to 44 6 per cent, depending 
on the observer, and it is quite likely that in any senes a persistent 
questioner could run the figure to nearly 100 per cent Lane-Claypon’s 

Tablf 7 — Elapsed Time Since Occnit ence of Tiauma and Appeaiancc of 

Previous Tunwi 
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very careful study of this question in which the cases were separated 
into those with and those without actual bruising of the skin appeare 
to indicate rather definitely that traumatism played a pait in the prodiic 
tion of cancer 

The distribution of a history of trauma among the different 
groups of the present senes is presented in table 6 The equal „ 

of trauma in cases of carcinoma, fibro-adenoma and painful no ue,^ 
as compared with the much lower incidence in the cases of i 
chronic mastitis, implies that the presence of a lump may well have 
suggestive effect attributed to it, for few authors would 
importance to trauma as a factor in the production of fibro-a 
The age distribution of the frequency of trauma shows a strange 
in the group of women who developed cancer near the menopaus^^^^^^^ 
factor of chrome trauma appears chiefly in the oldest group, 
because women of this age and generation are wearing corsets,^ 
haps because in the older women an extrinsic factor is require 


growth 



TAYLOR— NEOPLASMS OF BREASl 
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In general, it must be said, as Dietiich and Frangenheim have pointed 
out, that if trauma is a factor it is surprising that cancer of the breast 
IS not much more common among the industrial and peasant working 
classes and much less common among the well to do 

ABNORMALITIES OF OVARIAN FUNCTION 

The possibilities for the studies of an organ’s function aftorded in 
the ovary by the phenomenon of menstruation aie in a sense unique, 
for the effect of what may often be minor vaiiations in organic struc- 
ture, appear at once in the form of definite variations m the interval 
duration and amount of menstrual flow Such symptoms are readily 
translatable into quantitative data by the patient herself and since the 
constant repetition of the menstiual phenomenon has given her training 
on the subject and because the necessities of hygiene force the occur- 
rence of changes m type on her consciousness, the testimoii}'^ of the 
patient on this subject gives information nioie accurate than most data 
similarly obtained 

The majority of the few writers who have sought for it have failed 
to find a clinical ground for believing that abnormalities of menstruation 
are in any way connected with cancer of the breast Simons, although 
he reported several cases of atypical menses in younger women with 
carcinoma of the breast, comes to no conclusions in regard to the 
etiologic relation of menstruation to cancer Lane-Claypon also reported 
almost completely negative results, although she stated as her opinion 
that there may none the less be some relation between menstruation and 
tumor growth in the breast 

In the present study, the ovaiian activity will be analj'zed from 
several angles, based on the following suppositions 1 The original or 
characteristic tj^pe of menstruation which the patient experienced in her 
early jears of maturity is an index of her normal ovarian constitution 

2 The “present type,” namely, that which the patient is experiencing 
at the time of the tumor’s onset is the product of the original constitution 
and the modifying influences of acquired pelvic disease and the degen- 
erative changes of age It is in general the more significant of the two 
since it IS under its regime that the tumor has theoreticall}'- taken origin 

3 Changes in the type of menstruation indicate a change in the effect 
of the ovarian secretion on the endometrium and hence probably also 
on the breast 4 The chaiacter of certain other processes such as 
puberty and the menopause as well as the s 3 mptoms of premenstrual 
pain and dysmenorrhea give variang indications of the constitution and 
condition of the reproductori’’ s}’’stem 

{A) Pubcfty, The Onset of Mensh uafton — Abnormalities of 
puberh, particularlv that of late onset hare been shown to be fre- 
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quently indicative of genital underdevelopment (Rossi Dona) and have 
been found with special frequenc}'- in the histor}^ of women with certain 
types of new growth, notably carcinoma of the fundus (Mayer) 

The average age of puberty in these women with tuinois of the 
breast is shown in table 8 to be approximately 14 years, which cor- 
responds almost exactly with the normal for American girls as deter- 
mined by Engelmann, although it is somewhat lower than the average 
age for the Euiopean countiies in which many of the women weie born 
(Schaeffer, Schiodei) If, however, one regards as slightly abnormal a 
puberty that occurs before the thirteenth or after the sixteenth year, 
one finds such devnations from the normal slightly more often among 
patients with fibro-adenoma and among young patients with cancer than 
in the other tumor groups 

(B) The Pe) lodiaty of Mensfi nation — The chronologic rhythm of 
the menstrual flow supplies a pure index of ovarian function, for the 
time of the periods is determined entirely b}'^ ovulation According to 
Schroder, a short cy'^cle is to be explained on the basis of an early death 
of the ovum and as such is probably'- not productiv'e of permanent hyper- 
plastic changes in the epithelium of the breast unless a too lapid 
recurrence of the stimulative phase could produce such effects A long 
interval may' on the other hand be the result of a persistent follicle the 
supposed cause of hyperplastic endometritis or the result of a persistent 
corpus luteum which has also been reported as the cause of a marked 
degree of endometrial hypertrophy^ (Curtis) To link these facts to 
those of the pathology of the breast there is the similarity between the 
causes of phy'siologic activnty'- in breast and endometrium and also cer- 
tain histologic ev'idence offered by' Dieckmann’s observation of pathologic 
proliferation in the breasts of women suffering from amenorrhea o 
long standing 

A brief explanation of the methods used m compiling tables 9 A and 
B IS necessary The types of period were classed as four week periods i 
the cycle was of not less than twenty'-six or more than 
and also if greater deviations were of only occasional occurrence 
the group regarded as normal contains some women with minor irre,, ^ 
larities and the gr'oups of women reported as hav'ing periods 
at three to four or four to five week intervals comprises only 
definite deviations from the normal The groups listed un er 
vv'eeks and under five weeks include also some women 
struating ev'ery' two weeks and some ev'ery' six to tvve v e 
respectively' 

Although the chief conclusions are to be draw n from the 
son of relativ'e incidence of menstrual irregularities in the iirpo't^ 

logic and age groups of this series, it is perhaps useful for t le 



am % S “ 




ILUIJOSC % “ “ 


83v aSBja — 


SOSBa IB)OI Cl 


aiB-i % 


fpca % ® 


tBUIJOSi % 


a3va3E->8'V =® 


S3SB3 IBJOI 


% o Cl o ^ M 


ifiata % 


iB(ujo«^ % 5 


„ „ »r o o 1C LC o 

93V83BJa\-v ,c _ ^ ^ 


S3SB0 IBJOX cc 


0/ O O 00 O CO ITS 


5 ^ 2 ?= 


^ * cr cr -“j ^ o 


„ ^ L-“ o L- e cc o 

3^\ 9“rJ9\V e- ^ — L- — 


S3‘?IOlt.lOL o » — L- ^ — 

Cl ^ 


r £ = 


I 


Explinntion — Nornnl puberty it 13, 11 or 15 jeirs 


616 


ARCHIVES OF SURGERY 


of geneial orientation to note that from the examination of the statistics 
of several wnters (Krieger, Kelly, Hart and Barbour, Webster), it 
appears that a minimum of 75 per cent of all women have a twenty-six 
to thirty day cycle, while some writers have placed the figure as high 
as 95 per cent 

The tables dealing with menstrual frequency (9 A and B) contain 
material which in its implications is the most important in the paper 
A few special points must be made 

1 The original oi "constitutional” pattern of menstruation is perhaps 
as often normal among women with chronic mastitis and with carcinoma 
at all ages as it is foi women in general, but a larger percentage of the 
women with fibro-adenomas and "painful nodules” have suffered from 
irregular types of menstruation since puberty (table 9 A) 

2 The frequency of original abnoimahties shows a steady decrease 
with the increase in the age of tumor incidence, -vyhich is perhaps due 
to the displacement of congenital anomalies as exciting agents by other 
forms of ovarian disorder 


3 Turning to a consideration of the type of menstruation being 
experienced by the patients at the time of the onset of the tumor, one 
finds a great increase in the percentage of women with abnormal perio- 
dicity This increase affects practically all of the pathologic groups and 
it IS striking that the occurrence of these irregular types is almost 
as common in the young women as it is in those over 40 in whom a 
greater frequency should be looked for on account of the nearness of 
the menopause 

4 It IS possibly significant that among the major types of menstrual 
anomaly, it is particularly the increased interval variety that shows the 
gain This tendenc}^ towaid a longer cymle is particularly marked among 
the malignant cases 

5 Of the women who were still menstruating when the tumor 
appeared, 33 per cent with benign and 32 per cent with malignM 
growths had experienced an alteration in the length of the interval (ta e 
11 A) That most of the new types of menstruation have 
within a short time before the appearance of the breast tumor is siou 


in table 12 ^ 

(C) The Volume and Duration of Menshiiotion ^The . 

days of flow and the quantity of blood lost bear a less direct re atio 
to the ovarian function than does the periodicity just 
ticularly is increased duration or strength of flow rarely a true 
of ovarian function but is more indicative of a local patho 
in the pehns such as inflammations, congestions, tumors an 
ments Diminished bleeding, on the other hand, may as 
regarded as a sign of ovarian insufficiency These princip 
applied in the interpretation of tables 10 A and B 



Tablf 9—yl Otigtnal Types of Mcnshual Cycle 
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Since the amount and the duration of flow beai almost the same 
significance and since the patient’s reports of amounts are difficult to 
analyze, the study will be Imiited to the question of the number of days 
of flow except in the consideration of changes m menstruation when 
the patient’s report of changes m volume (as opposed to actual lolume) 
appeals to be reliable 

As regards the usual monthly duration of menstruation, it may be 
said that any length of flow within the range of from three to six days 
cannot be considered abnormal In 500 cases in private practice. Bland 
reported that 77 8 per cent of the women had periods lasting from 
three to six days, 15 4 per cent for a longer and 6 8 per cent tor a 
shorter time In 4,542 cases, Mayer found 6 per cent with from one to 
two day periods and 28 8 per cent with from seven to eight day periods 

From a study of table 10 B, the following is to be noted 

1 The original duration of the menses is prachcaWy the same m 
each tumor group as it is for women in general 

2 When the duration of the menses as present at the time of onset 
of the tumor is studied (table 10 B), it is found that there is a small but 
definite increase in the percentage of cases with an abnormally short 
flow This frequency of a short type of menstruation is found most 
often in i elation to cases of carcinoma and of chionic mastitis Par- 
ticularly in the group of malignant tumors it is noticeable that a decrease 
in the amount or duration of bleeding is found almost as often m the 
young group of women as it is in those of the menopausal ages 

3 In legard to the changes in amount or duration of the menses 
of the individual patients (table 11 F), it is found that such changes had 
occurred in 46 per cent of all benign and 41 per cent of all malignant 
cases These changes were usually of the nature of a decrease m 
amount and duration of flow That most of these changes occurred m 
close proximity to the time of the incidence of the tumor is shown m 
table 12 


Summary — A study of the subject of a menstiual change of som^ 
type, 1 e , either of frequency, duration or volume of menses or ai^^ 
combination of these, as outlined in table 11 C, indicates that we 
a half of the women, who were still menstruating at the time o ^ 
onset of the tumor, had noted a recent change m the characteris^i^ 
their menstruation indicating some minor or major 
ovarian effect on the endometrium Yet an empirically 
association of menstrual irregularities might perhaps have i 
to serious consideration, were there not leasons for 
tain of these changes might be expected to produce pro 
processes in the breast 
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( D ) Dysmeno) i hea — ^D\ smenoi rhea in the pi esent study refers onh 
to the primary t) pe which is nearly ahva} s e\ idence of a minor anatomic 
malfoimation (Joachimoiits) It is fiom the point of Mew of this 
associated underdevelopment that this S 3 mptom is being studied An 
approximate idea of the general frequenc) of dysmenorrhea may be 
obtained from recent studies of Sturgis and lan Duyne which indicate 
that from 0 3 to 7 per cent of women have se^ere pain and from 15 to 
30 pel cent moderate discomfort at their periods 


Table 11 C — Change in Mcnsti nation of Some Type 
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Table 12 — Elapsed Tune Between Alteiahon ui Menses and Onset of Tnmoi 
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Xote ■ — To the -women of table 12 there could be added the women of class B3 (benign 6 
malignant 22) -who had had the changes of the menopause from si'r months to five -lears before 
the apparent onset of the tumor and tlie women of C, (benign, 3, malignant 24) uho had had 
these changes from five to ten rears prevlouslj 

In table 13 A, shoving oiiguial frequenct of d}smenorrhea and b\^ 
implication the f requeue) of moderate malde% elopment it is clear that 
the fibio-adenomas again depart marked!) irom the a 4 erage while the 
other groups except for the carcinomas of the earh \ears do not ^ar\ 
from the ranges of -tan Duine and Sturgis Table 13 B illustrating the 
frequcnci of dtsmenorrhea at the time of onset of the tumor, shows 
tint the supposed maldei elopment has to a considerable extent dis- 
appeared in the ca'^cs of earh mahgnanci but has persisted for the 
fibro-adenomas The fact that the maiorit) of the women with fibro- 
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adenomas suffered not only pain but serere pain is corroboratu e cMdence 
that fibro-adenoinas occur chiefly in relatively undeveloped women 

(£) Pi emcmf) xial Bi east Symptoms — The significance of pre- 
menstrual pain and swelling in relation to hyperplasia of the epithelium 
and the association of these symptoms with pelvic disorders have been 
discussed As the characteristics of these painful breast s\mptoms are 
not very well known, however, the following case histor} is cited as a 
fair though perhaps unusually clearcut example 

R F, aged 31, was married six and a half ^ears before examination and 
w’ldow'ed four years before During her only pregnancy^ which ended m a mis- 
carriage at three and a half months, she suftered from excessne vomiting and 
severe breast pain The menses had been regular since marriage but irregular 
previously Eight months before admission the patient received an injury in the 
left breast which caused a small red spot Six weeks later, having had in the 
meantime no breast symptoms, she was seized with a severe attack of nausea 
and vomiting, and her left breast became diffusely enlarged and tender She 
was confined in bed for a week During succeeding months the breast improved 
but was still tender, especially in the premenstruum The opposite breast also 
became somewhat painful Examination revealed a slender, nervous, weeping, 
blonde woman Both breasts were medium-sized but erect, with firm nodular 
centers and normal nipples and areolae In the outer upper quadrant of the 
left breast there was an ill defined lump 6 cm in diameter, exquisitely tender 
The right breast was similar, a trifle smaller and also with a tender lumpmess 
m the outer part The thyroid was definitely enlarged Pelvic examination dis- 
closed a small, conical cervix, a small, anteflexed uterus tipped to the left and 
an enlarged, slightly tender, probably “cystic’ left ovary During two months 
of observation the patient his improv'cd somewhat under a prescription of corpus 
luteum taken during ten days preceding menstruation and with the use of a 
breast support 

The study ot menstrual breast svmptoms (tables 14 A and B) 
reveals that a certain number of women particularly those m whom 
tumors developed at an early age, had suffered from breast pain before 
their peiiods since puberty Fot many of the women, however, these 
piemcnstrual symptoms vv'ere of recent origin (table 15 ^), a fact rather 
sui prising since increasing age and marriage appear as a rule to alleviate 
these complaints The close relation between the time of onset o£ these 
svmptoms and the discov'er^ of the tumoi is of great importance if one 
accepts the view that breast pain before the periods is dependent on 
excessive corpus luteum stimulation 

( P) Tliroi ctica! Anomalies of Picqnuncy and Lactation — Beside 
the irregular ovarian activitv discussed under menstruation, there must 
also be considered the possibihtv of abnormal stimuli to the breast 
during gestation and lactation 

The occurrence of cancer of the breast of a peculiarly malignant 
vanctv IS often observed during pregnanev That the pregnanev is 
attudlv an important factor m initiating growth is indicated In the 
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reports of development of cancer during gestation in a single breast 
after the previous removal of the other for carcinoma Trout observed 
this happening m the later histor}'- of two of his own cases and in reply 
to his mquuies sent to other physicians learned of thirteen similar 
instances 

Development of cancer duimg lactation may be attributable to 
the increase m size of microscopic cancer seeds foimed during the 

Tabu, 15 — 1 Changes in Seventy of Dysnicnonhca and Bieast Svmptonn Befan 
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pieceding pregnane}, but it is also possible that the irregular ovulation 
of tlie lactation period may furnish the basis for atvpical cell prolifera- 
tion during this time Attempts to stud} the relation of the time of the 
return of the menses after parturition to the etiolog} of tumors were 
made on a small group of cases but no progress was made and this sub- 
ject must be lelt in this ver} theoretical state 

Kilgore has reported that 4 5 per cent of all cancers of the breast 
arise during prcgnanc} or lactation and of the cancers occurring under 
the age of 47, 10 per cent arise under the'^e condition': So far as the 
present series of caces of cancer is concerned, the following relation to 



626 


ARCHIVES OF SURGERY 


pregnancy was noted Of the twenty-eight women under the age ot 40 
who had borne children, a lump was first noted during pregnancy in two, 
during lactation m three, between one and two years after a delivery in 
three, between two and three years in one, between three and four )ears 
in three Altogether, sixteen of the twenty-eight women (57 per cent) 
developed their tumor before the end of the fifth year after a deliveri 

(G) The Menopause — Lane-Claypon, b)'- comparing the incidence 
of mammary cancer for any given age with the total number of women 
m the general population of the same age, has shown that there is prob- 
ably a constant increase of susceptibility to the disease with advancing 
j'^ears The proof of this relationship must end the argument about the 
immediate effect of the menopause on the production of cancer, yet the 

Table 16 — A Aveiage Age of Menopause 
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Note — It must be remembered that in group Bo the menopause had apparentl} begun but 
was not yet completed 


possibility remains that the changes in the breast produced by the ot arian 
irregularities of the menopausal years may be the basis for the prc 
cancerous lesions from which cancel s gradually take origin over a lon^ 
period It appears probable that the menopausal years are the last u 
which benign new growths and diffuse hyperplasia of the breast rna^^ 
originate, and so far as cancers are derivatives of these structures, ^ 
original basis of their growth must also date back to the years o 
the cessation of ovarian actnity 

(1) The Age of the Menopause The age at vhich the 
occurs has perhaps a slight bearing on the strength of the oi arian 
tion Lane-Cla 3 'pon’s report showed that the age of menstrual ces 
and the total years of sex life were essentially the same for 
for normal cases In the present series (table 16 A), the 
of the menopause was approximately 47, which 
the normal figures determined by several Avriters (Norris, 

Krieger, 47 03 Schaeffer 47 26) 
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A more important feature of the menopause than that of the age of 
occurrence is the character and dniation of the period of irregular 
ovulation that precede the final cessation of menstruation Such data 
could unfortunately be supplied by only a few patients 

(2) Duration of Menopause The total time elapsing between the 
first irregulai period and complete cessation is usually undei one year 
Morris reported only 13 per cent and Tilt, 28 per cent of women whose 
menopausal iriegularities lasted over tweh^e months Among the cases 
of tumoi m this study, the duration of the menopause appears in general 
to be somewhat longer and this tendency is more marked in the women 
who developed the disease during or soon after the climax (table 16 B) 
Thus in the twenty-five cases of cancer of group B,, menstrual irregu- 
larities had already been noted foi ovei a yeai in 36 per cent, and m 
these it must be remembered that final cessation had not yet occurred 
The cases aie, of course, too few to make this observation more than 
suggestive 

(3) Type of Menopause In the cases of cancer by far the com- 
monest type of menopause was that characterized by a lengthening cycle 
(decreasing frequency of menstruation), 52 per cent of the women with 
carcinoma developing after the onset of the climax showing this feature 
This form of menopause, of course, is not specific for cancer, yet it is 
true that an increasing interval between ovulations should theoretically 
be productive of irregular proliferative processes in the breast and may 
well be one of the causes of the minor degrees of chronic mastitis that 
can apparently be detected clinically in piactically all breasts during the 
years of the menopause, and with which cancer is so commonly 
associated 


ASSOCIATED PELVIC DISEASE 


The frequency and chaiacter of the pelvic disordeis in the historieb 
of the present senes of women are charted in table 17 Since uterine 
and ovarian disorders are of unequal significance, they have been 
separated The occuiience of opeiations is also specifically noted since 
the previous existence of pelvic disease in these cases is particuarv 
positive 


(A) Uteune Disease — The uterine conditions are certainl) c 
important than the ovarian, and yet certain points indicated by the t^|^^ 
lated statistics may^ have some bearing and must be stressed 
series of conditions listed under uterine and labeled others m ^ ^ 
all cases of “inflammation of the womb” in which were pro a ' ‘ 
certain number of instances of salpingo-oophoritis a rv ^ 
curettage for bleeding or sterility carries with it an implication o ^ 
turbed ovarian function 3 The high incidence of fibroids is 
considerable significance in linking tumors of the breast ii'i 
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neoplasms of the other glandulai organs connected with the sex func- 
tion, for there is already a faiily Avell established association betiieen 
uterine fibroids and tumors of the ovary, of the endometrium and ot 
the thyroid 


As regards the endometrium, Kelly and Cullen found among a senes of 1,400 
myomas an associated carcinoma of the fundus in 1 7 per cent and an associated 
cervical in 1 3 per cent, and it must be remembered that were each association 
an accidental one the cervical carcinoma should have occurred from five to ten 
times as often Winter, Hofmeier and several other writers have likewise drawn 
attention to this special association of myomas with endometrial cancer Frank! 
alone denied this relationship, but the statistics on which his conclusions are based 
give a coincidence of myomas in cases of corpus carcinoma of only 9 per cent, 
a figure which appears to be surprisingly low Mahle, for instance, reported a 
rate of association nearly four times as high 

The association of uterine myomas with papillary cystadenoma and cystadeno 
carcinoma of the ovary has been reported on by me 

Attention was drawn to the common coincidence of myomas and goiter as 
long ago as 1891 by H W Freund, and since then numerous other writers bare 
made similar observations (Eisner, Ullmann, Aschner, Bauer, Pape) Estimates 
of the frequencj^ of thyroid disease m association with myoma have varied from 
28 to 100 per cent, depending apparently on the geographical location of the clinic 
The possibility exists, therefore, that the occurrence of a myoma is an indi 
cation of a special predisposition of those organs chiefly affected by the c}c!es 
of pregnancy and menstruation to form tumors, a predisposition that manifests 
itself most readily in the form of uterine muscular tumors, but also as new 
growths in various glandular organs and as an association of several tumors of 
different types more frequently than one would expect from a chance coincidence 
The nature of such a possible relationship has been best illustrated by an article 
of Balhn and Moehhg m which they reported that among 100 patients consulting 
for goiter, 18 were found to have fibroid tumors and 4 tumors of the breast, 
while among 100 patients consulting for fibroid tumors 35 had also a goiter an 
6 a tumor of the breast 


In the present series of mammal y tumors, 16 of 233 patients v lo 
weie questioned weie aware of previous fibroid disease and of these a 
but 2 had had an operation for the condition Examination in 66 cases 
added seven unsuspected myomas to the list so that the association 
tumors of the breast of palpable fibroids or those requiring operatic^ 
may be placed somewhere between 8 and 16 per cent The incidence^^^ 
myomas of appreciable size is theiefore piobably though not positn 
higher than for women in general 

Another observation of theoretically gieat significance is tia c 
of the breast developed almost simultaneously with a carcinoma 
endometrium in three cases The operations on the breast an 
were performed at intervals of twenty-four, foiii and fi'^e mo 
1 espectively, the opeiation on the breast being performed Imst 
first two patients and that on the uteius in the last patient 
rence of these types of cancer m association in such frequent} 
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of course, lepresent the normal relationship, yet the fact of the similant} 
of the biolog}^ of these two forms makes one behe^e that their associa- 
tion is not entirely accidental It is at least interesting to note that Smith 
and Bartlett and also Sehga and Esch ha\e noted the occurrence of 
these two growths in association 

(5) Ovm mil Disease — As compared with the uterine conditions just 
discussed, the detection of some form of o^arlan disease is much more 
direct evidence that the breast has been subjected to disturbing influences 
The role of ovaiian inflammation in the production of excessive pre- 
menstrual symptoms has been alreadj discussed The occurrence of 
ovarian tumors, on the other hand, ma} have the same significance as 
that of the myomas 

In the tabulated results of the stud}’- of pievious ovaiian disease, there 
appear maiked differences m the t 3 'pe of pelvic disoider reported by the 
women of difteient ages Now it has been stated that neoplastic changes 
m the breasts of } oung women should require the existence of a special 
congenital or acquired dysfunction while those of the older women might 
depend merely on the irregularities of function of the menopause or on 
the action of the changes of senility on the remnants of hyperplastic 
tissue This point recenes definite support from the fact that in both 
the benign and the malignant series about one fifth of the nomen of the 
3 oung and middle age groups reported some foim of antecedent ovarian 
disease and one tenth had actually been operated on for or ai lan condi- 
tions, wheieas among the older women this factor practicallr disappears 
fiom the histones 

As elsewheie in this papei, grounds for distinguishing lietneen the 
specific etiology of malignancy and tumor giowth in geneial are lacking 
foi there is no significant difference between the occurrence of pehic 
disease in the historv of the cancerous and noncanccrous cases Inflam- 
mator 3 disease of the o\ar\ is a trifle more commonli associated with 
“painful lumps” than with anj other form of new giow'th 

(C) Results of Physical Lxamiuation of Pelvic Oigaiis — Actual 
examination of the uterus and orarics of about a quarter of all the 
liaticnts lerealed, as was to be expected no constant grnecologic legion 
The obserxations noted in table 18 do illustrate howeier, the unnersaliti 
of minor grnecologic lesions that are often simptomless That this 
common pathologic piocess m the rcproductne tract ma 3 affect the 
breast through the orar\ is at least concenable 

\ssoci \Ti D Tnr roid disc \sr 

To s^,e the significance ol thrroid enlargement for the problem of 
luptiphsias and tumors of the brca>-t it is onh necessari to recall that 
the ph\s,ologic conditions faeoring tlnroid enlargement are the same as 
thosL pronuemg Inpertropln of the breast 
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The incidence of thyroid enlaigenient in the various age and tumor 
groups IS charted in table 19 Maiked divergences between classes are 
A ery apparent The youngei women show this thyroid hypertrophy most 
frequently, and it is particulaily in the type suffering from the so-called 
“painful nodule,” the type with the marked menstrual irregularities, that 
a moderate increase m the size of the thyroid is of almost regular occur- 
rence The cases of carcinoma among the younger women also show a 
considerable though somewhat lower incidence of thyroid disease 
Some writers have contended that thyioid dysfunction is directly 
connected with the development of cancer By comparing the average 
weights of the thyroid gland with the death rates for cancer in three 
different geographical regions, Bern, Munich and Kiel, Bayard was able 


Table 18 — Summaiy of Results of Gynecologic Examination 


Examined 

Total 

Gioup A 

Group B 

Group C 

Benign 

37 

21 

14 

2 

Malignant 

29 

5 

21 

3 

Ovanes 





Benign 

Enlargement or inflammation, 

8 [3 in confirmation 

of liistorj] 


Malignant 

Enlargement or Inflammation, 

3 [1 in confirmation of historj] 





Atrophic or 

Nornnl 


Fibroids, Displaced, Enlarged, Hypoplastic, 

Fundus 

Per Cent Per Cent Per Cent 

Per Cent 

Per Cent 

Benign 

14 

62 17 

22 

S 

14 

Malignant 

22 

35 8 

22 


Laceration 


Atrophic or 

Normal, 

Per Cent 


or Erosion, 

Enlarged, 

Hjpoplastic, 

Cervix 

Per Cent 

Per Cent 

Per Cent 

Benign 

00 

17 

27 

17 

20 

Malignant 

41 

10 

31 


to point out that in general the districts with the greater average 
weights were associated with a higher mortality from cancer 


thyroid 
The 


vv vvini cx i J 

difference in mortality rates for cancer between Italy and Switzer a 
illustiates the same point Bayard attributed the higher rate for cance 
to the general hypothyroidism 

Such an hypothesis as the one just noted is not offered in the prc 
ent papei, but it is suggested that an endocrine or perhaps 
ovarian disorder is capable of producing a condition in the body sii 
to that physiologically piesent at puberty, and as a resut gr 
processes of varying degrees take place simultaneously'' m 
th-\ roid 


PHYSICAL EXAMINATION OF THE BREAST 

The size, shape and consistence of the breasts and j^Qted 

position of the tumors were carefully recorded descriptive y 
m the form of a diagrammatic sketch for each case Such ma 
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Itself with difficulty to statistical tabulation, but led to a few definite 
impressions 

{A) Size and Shape of Bi east — In general, it may be said that the 
small, erect breast is found in childless and relatively underdeveloped 
women Large and pendulous breasts occur in the opposite type, 
although excessive obesity and age may tend to produce the same eftect 
without lactation Table 20 is confirmatory of the charts on marriage 
and childbirth in that it shows the fibro-adenomas occurring chiefly m 
the small, erect breasts and chionic mastitis in the larger and pendulous 
ones The cases of “painful lump” and those of early carcinoma appear 
less definitely related to breast foim 


{B) Type of Nipple and Aieola — Although not charted, it may be 
said that the areola in the breast with fibro-adenoma is typically small 
and dark with a small well formed nipple It is the virginal type 
approaching sometimes even the male form In the cases of chronic 
mastitis the nipple is as a rule larger, the aieola of much greater area, 
often light in color and less demarcated against the skin 

{C) Consistence — The consistence of the unaffected breast is also 
of some interest, for one gams a decided impression that the structure 
of the tumor is related to the architecture of the breast tissue from which 
It is derived In the great majority of the women with fibio-adenoina, 
the breast tissue was localized in the letro-areolar region and was fre- 
quently palpable as firm, lobulated masses of a consistence not tmhke 
that of the fibro-adenoma itself That such lobulated and slightly isolated 
tissue may often be removed under the impression that it is a true tumor 
has been convincingly'’ demonstrated b)'^ McFarland In the typical cases 
of chronic mastitis noted in this study'’, the bieast tissue was neither 
concentrated nor lobulated but disposed diffusely or in the fonn ot 
small nodules throughout most of the gross extent of both breasts n 
practically all cases both breasts were involved, and fiom the sketcies 
it appears that the points of chief localization of the process are iisua \ 


strikingly symmetrical in the two breasts 

That the presence of carcinoma in one bieast implies a 

ceptibilit}'’ to cancer formation in the other breast as well has been a^^^^ 

well proved by^ Kilgore, who has computed statistics to show t wt 

woman wffio has survived an operation for cancer of the breast o 

years has from three to four times the chance of developing canc 
, Tlipse remote 

the remaining breast than would the average woman r 

derelopments of cancer after operation are believed by j[,e 

properly' regarded as independent growths in the great majority 

cases, and it is likely that many of the more immediate mvo 

the second breast should be similarly' interpreted The 

non of the bilateral development of cancer of the breast 

tional evidence against an entirely' local cause for mamman ’ 
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(D) Position of the Tumoi — Particular attention in the examina- 
tion of the patient was paid to the location of the tumor in the breast 
and especially to its relation to the nipple, since it was thought possible 
that different histologic forms might occur in different sections of the 
duct system and might even on that account have a different etiolog} 
This attempt met with no success since it now appears probable that the 
actual distances from the nipple, as they were recorded, have a varying 
significance depending on the size and shape of the breast 

The occurience of cancer with particular frequency m the upper 
outer quadiant has long evoked interest and has been explained on the 
supposition that drainage is most difficult and stasis most common in 
this region Against this point of view may be mentioned two points 
In the first place, it should be clear that m pendulous breasts the upper 
quadrant far surpasses all others in size and that with the nipple at the 
most dependent portion of the breast the lower quadrants practically 
disappear But beyond this inequality of the size of the quadrants there 
is often clinical evidence that a greater concentration of glandular tissue 
exists in the tails of even normal breasts than elsewhere Hence when 
cancer appears m the upper and outer quadrant, it is probable that it is 
merely developing in the region where the greatest number of cells are 
subject to the chance of malignant transformations 

KOTES ON GENERAL PHYSICAL CONSTITUTION 

In the present study of tumors of the breast it had been hoped that 
anthropometric measurements could be employed such as those used so 
successfully bj'- Draper, but the scope of this problem at once appeared 
beyond the efforts of a single worker The records of weights and 
descriptive notes on certain points thought to have a special relationship 
to the reproductorj^ system can therefore alone be offered 

{A) Geneial Body Fonn — It has frequently been suggested that 
certain types of persons have a special predisposition to develop tumors 
Rokitansk}'^ drew attention to the antagonism between tuberculosis and 
cancer Beneke, by actual measurements, concluded that cancer was a 
disease particularly of the broadly built, plethoric type of person 
Beneke’s work has been confirmed in recent jears by the studies of P 
Cohnheim on gastro-intestinal cancers and of Takata and Suzue on 
gynecologic caicinomas Barker also has rather theoreticall}^ expressed 
the opinion that cancer was associated with good nutrition 

A more detailed consideration of the subject leads to certain possible 
reservations 

1 The constitutional type predisposed to neoplastic growth maj be 
\anable for difteient organs and for different forms of cancer One 
would hardly expect cancer of the stomach dei eloping on the basis of 
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gastric ulcer to be found chiefly in the broadly built and overnourisheci 
persons On the other hand, there is some reported evidence that points 
to the association of overweight, particularly with certain of the forms 
of tumor that have been described, as allied to the neoplasms of the 
breast Many writers, for example, have found that myomas occur espe- 
cially in the well nourished (Hofmeier, Theilhaber, Pape, Beneke) 
Pinard noted the development of thyroid disease in association with 
weight increase, and Katz has made a similar observation on endometrial 
cancer 


2 The “cancer type” may be different for people of different ages, 
for Aschner wrote that cancer in the young is more apt to appear in the 
slender and undernourished type Schmidt expressed the same opinion 
in special reference to gastro-mtestinal cancer A similar predisposition 
may exist for the benign growths, for Aschner likewise believes that 
myomas "when they develop earl}'^ favor slender types, with hypertiichosis 
and genital maldevelopment 

The few observations made on the physical constitution of the women 
in the present group are m general consistent with the views of the 
writers that have just been discussed 


(1) General Body Form Table 21, m which is charted a summary 
of the examiner’s impression of the general proportions of the patients, 
shows that the fibro-adenoma series m particular contains a very high 
percentage of undernourished women, while among the older patients 
with cancer there are an extraordinary number who were strikingl) 
large and heavy 

(2) Average Weights In table 22 aie listed the average number 
of pounds which the patients reported as having been their weight when 
the tumor was first noted and before any loss from the effects of the 
disease itself had occurred For comparison with this table there is 
appended a chart originally compiled by Weisse, showing the 
weights of a very large number of women at different age levels 
women of this control were weighed in clothes and shoes correspon mg 
in this respect to the state of dress under which the reported weig ts^o^ 
the women with tumors were also obtained For further accuracy, 
mean age of the women of each pathologic and physiologic age 
given to aid in picking the proper weight for comparison from t le c 

of normal women 

A consideration of chart 21 shows that the ymung women 
fibro-adenomas averaged 8 pounds (3 6 Kg ) less than the 
their age Those with malignant cases were from 4 to 6 poun s 
2 7 Kg ) underweight The women with chronic mastitis v em ^ 
ages a trifler overweight Most striking of all, however is t 
among the older age groups with carcinoma, the average v b 
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fiom 2 to 20 pounds (0 9 to 9 Kg ) heavier than those of normal women 
at a corresponding age 

Weie these observations corroborated, one must surely interpret them 
as indicating a predisposing effect of an abnoimal (possible hyper- 
thyroid) constitution in the young women with cancer of the breast and 
some special acquired glandular disposition m the older women that 
manifests itself as a tendency to excess deposit of fat The statistics as 
given here are, of course, based on an exceedingly small number of 
cases, but some weight must be given them when it is remembered that 
the}^ are in general confirmatory of previous studies on cancer in general 
and on uterine myoma, a tumor of the same body S}stem as the breast 


(3) Changes in Weight Table 23 has been prepared to show the 
history of weight variations during the ten years antedating the discovery 
of the tumor It appears that of the women with carcinoma belonging 
to the early and middle age groups, over one-third had noted a gam of 
more than 10 pounds (4 5 Kg ), while the older women gave this history 
a trifle less frequently These gams in weight are perhaps a little dif- 
ferent from those occurring m the normal woman, but it is possibly sig- 
nificant that the increase is as frequently noted m the young woman as 
111 those of the menopause age An exception to the general rule of 
increasing weight is noted among the women with fibro-adenomas who 
in many cases reported losses m weight 

(B) Race and Pigmentation — It has been asserted (Aschner) that 
cancer is pecuhaily prevalent among dark haired and deeply pigmented 
persons, and furthermore, that various races have different degrees of 


susceptibility and immunity to certain types of tumor 

The results of observations on the color of the hair of the women m 
the present study (table 24) offer only one point worthy of note The 
localized benign tumors show a special tendency to occur in the b on e 
and brown haired women and chronic mastitis and cancer m the )nc 


haired 


The racial distribution (table 25) undoubtedly accounts for 
apparent tendency of persons with certain types of pigmentation 
develop special forms of tumors, but whether this arrangement iff 
IS indicative of actual racial predispositions or whether it is ad^entl 
depending on an outside sorting of cases referred to the hospita 
clear The peculiar predominance of Jewish women among tie 
of chronic mastitis developing at the menopause and their almost 
plete absence from among the women with fibro-adenomas 
question of whether functional difficulties at the climax may not 
cially common in w^men of this lace ^ 

(C) Hypei ti iclwsis — The pattern of the facial and body ^h 
accepted secondary'- sexual characteristic and should therefore le 
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siderable impoitance in an}^ attempt to correlate function of the se\ 
gland with neoplasms of the reproductoiy system Oi^anan tumors 
have, for example, been frequently reported m association with a 
developing hypeitnchosis (Halban), and the occurrence of myomas in 
3 ^oung women with excessive hair has been mentioned (Aschner) 

The existence of abnormal hair on various parts of the body is 
charted in table 26 It is probable that the presence of hair about the 
areola is a more important sign than hair on the face, for hair on the 
lip is a very common occurrence among the daiker skinned people, 
and hair on lip and chin may be meiely evidence of senescence 

The featuie of possible importance m table 26 is the occurrence of 
a moderate amount of areolar hair in 28 and 50 per cent, respectively, 
of the women with fibro-adenomas and “painful nodules,” and of 
marked breast or sternal hair m a smaller number Such abnormalities 

Table 24 — Hair Cohi 
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were practically nonexistent among the older women with chronic 
mastitis or carcinoma and not at ail frequent among even the younge 
patients with cancer 

HEREDITY 

Estimates of the frequency of previous cancer in the fanul} 
women suffering from carcinoma of the breast have, accor 
Lane-Clay^pon, varied from 1 3 to 37 per cent In her own 
fully checked series based on the cause of death of parents on}, 
Claypon found the evidence for heredity rather slight, since 
occurrence of cancer in one parent was 10 3 per cent for the cas 
cancel and 8 1 per cent for the control women 

That such attempts to find evidence of a hereditary j-gc- 

mil always be unsuccessful seems highly probable, for „ 

ticall}^ no clinical evidence nor biologic reason for thin in-. 
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tendency to the inheritance of cancer in general exists It is, for e\ain 
pie, impossible to believe that a history of squamous carcinoma of the 
tongue in the grandfather of a woman with cancer of the breast is ot 
any importance A history of carcinoma of the endometrium, ol a 
fibro-adenoma of the bieast or even of a myoma of the uterus is possibly 
of significance, while a previous case of cancer of the breast in the 
family is probably worthy of serious consideration 

Certain single striking instances of the multiple occuirence of spe 
cific forms of cancer m a family have from time to tune been published, 
and among these, instances of the inheritance of breast cancer are fre- 
quent There is, foi example, the family tree published by Broca in 
which sixteen cases of cancer occurred in four generations among 
thirty-three persons and of these sixteen, eleven weie localized in the 
breast, three in the liver (metastatic?), one in the uterus and one in the 
stomach The case of gastric cancer was the only one of the group 
to occur in a male 

A still more extiaordinary instance of apparent heiedity is that 
reported by Leschczinei of a mother and three daughters who each 
developed breast lumps early in life at the respective ages of 21, 14, 24 
and 19 Three eventually died and the fourth had recently been 
operated on at the time of the report In each the diagnosis was 
carcinoma and in the thiee in which the sections could be studied the 
tissue showed adenocarcinoma with some colloid degeneration 

In a study of the* family histones of the present group (table 27) 
it was found that 6 per cent of the women of the entne senes 
(271 cases) knew of a previous case of cancel of the breast in then 
family It is also to be noted that five of the patients reported two 
cases of previous mammary neoplasm in their family (table 27) 

It was thought that perhaps next to actual cancer of the breast 
some significance might be attached to the previous occurrence of ot ler 
forms of genital tumors, but the table fails to give evidence of tns 
The question of fibroid tumors and goiters in the family was not) hf’" 
ever, carefully gone into with each patient 

One rather striking fact is that the family history of cancer is 
higher in percentage among the women with benign tumors o 
breast than those with malignant This* relationship is further 
of the contention that if a hereditary factor exists, it is in the 
of a predisposition to irregular proliferative processes m genera 
not to malignancy in particular 

An attempt to correlate the physiologic era of 
cancer in the patient with that in which the relative der eloped 
failed to lead to any results ~^he family of 
apparently an inheritance specificall)^ dependent on certain cons i 
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peculiaiities of puberty A similar lelationship might coiiceivabl) exist 
between cancer and certain hereditaiy peculiaiities of response to the 
menopause 

The hereditary factor in mammaiy tumors appears undoubtedii to 
be a predisposition only, suppressed oi brought to the surface by the 
character of the physiologic processes that the patient’s life has acci- 
dentally bi ought to her breast It is difficult to imagine on what otlier 
basis such a predisposition can rest than on an hereditary anomaly ot 
the constitution of the reproductoiy system 


THE HISTOLOGIC FORM OF CANCER OF THE BREAST IN RELXTIOX 

TO ETIOLOGY 

A part of the oiiginal plan of this study had been to sepaiate the 
diffeient microscopic forms of cancel of the breast from each other 
and to examine individually the etiology of various ty^pes Unfortu- 
nately, it was found that in only a small propoition of the cases was there 
available pathologic material suitable for making the finer diagnosis 
of special types of cancer 

That such a study might shed a light on the cause of cancer of the 
breast is clear from the following considerations'" 

(A) Fotm and Location — The various sections of the hi east, large 
ducts, small ducts and acini, are physiologically different in their reac 
tions, variably responsive to endocrine stimulation and diversely sub 
ject to chances of inflammation The striking contrast afforded m the 
uterus by the biology of cervical and fundal cancers is illustrative of the 
diversities that may exist between the strictly parenchymatous an 
the ductal poi tions of an organ That Paget’s disease of the nippk^san 
essentially'- different type of lesion from the adenocarcinoma of the finer 
ducts and acini is probable Differences dependent on their points ot 
origin may also exist between the etiology of many special forms 
IS for these reasons that, although endocrine influences appear to 
important factors in initiating atypical cell proliferation m the rw » 
the idea of other agencies being sometimes effective cannot be discar 
(P) Foini and Physiologic Phase — Beside the question of 
histologic form is related to the site of origin of the tumor, there 
problem of whether tumor architecture is connected with the 
phase in which the breast happens to exist at the time of the t, 
of the new growth jilfP 

The few cases that could be assembled for this study fonns 

exndence to show that certain tendencies do exist for differen 
of cancer to develop under special ciicuinstances (table 28) ^ 

(1) Age Adenocarcinoma is the predominant tumor of^ 
but also occurs in the aged Other forms are scattered but m - 
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the less difterentiated t 3 'pes appear later in life It is disappointing, 
however, to find that there is no sharpty defined type of distribution 
since examples of any variety may be found at any age 

(2) Development The adenocarcinoma group shons the highest 
peicentage of single and sterile women and the greatest f requeue} of 
nursing f ailui es On the other hand, it is apparently the women whose 
breasts have had at one time the fullest functional development that 
produce tumors with the least differentiation 

(3) Position of the Tumor Attempts to relate histolog} with the 
position of the tumor in the breast met with no success The stud} of 

Tapif 28— Histologic Type of Cancel of the Bieast ni Relation to Etiology 
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this aspect of the problem must apparently be accomplished m the 
laboraton for the clinically detei mined location gives no indication of 
the point of oiigin of the tumor relatne to the duct s}stem 

From this brief sui \ ey it appears that adenocarcinoma tends to occur 
in the youngei women, and like the fibro-adenomas, in women with less 
well de\ eloped breasts According to Ewnng, most adenocarcinomas 
ansc liom areas of chionic mastitis C}Stadenoma or papillar\ adenoma 
which perhaps explains the early incidence of this t}pe at the time 
when benign foims are actueU grownng The response of certain of 
the less malignant (more differentiated^) forms of inoperable cancer 
to oophoi ectoin\ as reported In Beatson and his followers suggests 
fuither that this tNpe is closely related to the benign tumors m a plnsio- 
logic as well as a structural sense 
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That the opposite of this theory may also be true, namely, that the 
less differentiated forms of cancer of the breast are less related to the 
benign lesions and hence perhaps governed by different etiologic factors 
such as senile involution, trauma and infection, remains a possibility 


RESUME 


That the bieast epithelium is normally responsive throughout life to 
stimulation by the internal secretion of the ovary has been shown at 
considerable length m the first sections of this paper At the same time 
it must be clear that when the ovarian activity manifests itself in a 
regularly recurring cycle proiifeiative and legressive processes in the 
genital organs balance each other so nicely that during normal adult life 
no actual growth takes place 

From the point of view of clinical observation, the condition neces- 
sary for breast growth is the presence of a partially active ovary which 
IS not producing a menstrual cymle Such is the normal state before 
puberty and during pregnane}^ A similar intermediary stage of ovarian 
activity must exist for a longer or shorter time at the menopause as the 
sex glands pass from the state of full activity to complete extinction 

Beside these relatively normal occasions in which breast proliferation 
ma}'' occur, there are certain abnormal endocrine states in younger 
women which may closely simulate one of those just noted and m 
which conditions also appear to be correct for breast growth The 


first of these is seen m women whose reproductorj system never com- 
pletely developed and whose organs and body form resemble those of a 
girl at puberty The second is that of acquired hypofunction of the 
ovary, manifesting itself in increase of weight, menstrual disorders an 


other symptoms usually associated with the menopause 

It has been my purpose in this paper to assemble the evidence m 
favor of the theory that tumors of the breast of practically all larieties 
are not only logically but also actually dependent on abnormal variants 
of the phj^siologic endocrine states that normally produce breast groi' 
Clinical observations indicate that special forms of tumor o 
breast tend to be associated with particular types of the disorders t 


haie been described 

A The fibro-adenoma occurs typically in breasts that are a 
generally underdeveloped reproductory sjstem and under con 
the body somewhat similar to those existent at the time of the ^ 
ment of the breast at puberty This view is consistent with t le 
organic character of the histology'' of this tumor and the fact t a 
frequently a rather faithful reproduction of the normal 
also not incompatible with the theoretical view that the fibro a 


are derived from previously undeveloped “fetal” rests 
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The reasons for believing that the women ot the fibro-adenoma gioup 
are backward in development and are suffering fiom a special form of 
glandular derangement are the following 

1 The great majont> are unmarried 

2 Few have had children 

3 Among those who have borne children, lew have nursed them successfully 

4 There is a high incidence of irregular menses, especiall) of the shortened 
interral type, and the duration of the periods tends to be long These irregularities 
date from puberty and are not acquired 

5 Dysmenorrhea is common, and being present is indicative of hypoplasia 
uteri 

6 Premenstrual breast pain is marked and, as a rule, has been present since 
puberty 

7 The incidence of acquired pelvic disease is low 

8 The thjroid is often slightly enlarged, a condition frequentlv met with m 
adolescence The conception of Biedl that there is thyroid dominance during 
childhood until its activity is suppressed by the maturing sex glands mav be cited 
to indicate further that the w'omen of this fibro-adeuoma group are still for all 
practical purposes in an adolescent stage 

9 The breasts are small and erect wnth small nipples and areolae and often 
with a little excessive hair 

10 The patients themselves tend to be slender and a little underw'eight, possibly 
further proof of their “adolescent” state 

B Chiomc mastitis occuis as a secondary prohferatue process m 
breasts that ha\e at one time attained a considerable degree ot de\elop- 
ment but which have passed through an involutional peiiod It arises 
under conditions of iiiegular, but apparent!}, as a rule, declining ovarian 
activit} Such conditions exist typically during the years preceding 
the cessation of menstruation at the climax but also in younger 
women wath a disturbance of the ovarian function These vnews are 
consistent with McFarlands theoiy that the c}sts are evadence of an 
incomplete involution after a lactation hvpertrophy and with Cheatle’s 
teaching that the essential feature of the disease is a h}perplasia It is 
of course, clear that “chronic mastitis” is a misnomer, some such term as 
‘ fibio-adenosis” being pieferable in mv opinion (Note Semb’s use of 
word “fibro-adenomatosis ”) 

The reasons for believing that chronic mastitis is a secondary pro- 
liferative process occurring in involuting bi easts under the influence of 
irregular ovarian function are the follow insr 

1 The greater number of the women with this disease are married 

2 Tile majoritv have had children 

a The lact that the percentage of nursing failures was relativeh low indi- 
cates that the breasts were once normal 
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4 A considerable number of cases occur just before the menopause or in 
actual association with the menstrual irregularities preceding cessation The 
frequency of menstrual abnormalities in the jounger women indicates that a 
subnormal ovarian function exists m these cases w Inch is potentially similar to that 
of the menopause 

5 Dysmenorrhea is rare 

6 Premenstrual breast pain is unusual in the older women with chronic 
mastitis, but is fairly frequent in the \ounger women 

7 The incidence of acquired pelvic disease is fairlv high 

8 Thywoid hypertrophy is unusual 

9 The breasts are as a rule pendulous wnth large nipples and wide but often 
colorless areolae 

10 The body w'eight tends to run a little abore the normal for the age, and 
recent increases m w'eight are common 

C The “painful nodules” are at best an ill defined and somewhat 
arbitral il}'^ collected group The moie localized examples are difficult 
to sepal ate fioni the fibi o-adenomas, and the more diftuse troiii the 
cases of chionic mastitis It should be noted in paiticular that in the 
early age group many of the cases of chionic mastitis, so classified on 
account of the palpabl}'- diffuse natuie of the piocess, should perhaps 
etiplogically hat^e been placed with the cases of painful lump 

In geneial, it may be said that the examples of this entit} often 
give the impression of being partly dependent on a slight developmental 
deviation fiom the noimal, but the essential featuie is the piesence of a 
new proliferative stimulus being applied to a bieast wdiich is still ni 
the period of full matuiity and m which ln^olutlonal changes are 
decidedly not prominent 

The reasons foi taking this point of new are the following 

1 The majority of the w'omen are young 

2 Only about half of the women ha^e had children 

3 Success m nursing has not been as unnersal as in the cases of the wo 
w'lth chronic mastitis 

4 Abnormal menstruation, often of an acquired t\pe is more commo 
wuth any other form of breast neoplasm m young women 

5 Dysmenorrhea is fairly^ frequent but not so prominent as m the 

the patients w’lth fibro-adenoma ^ 

6 The premenstrual breast signs are extremeh marked, a fact m 

excessive corpus luteum stimulation „ 

11 in inflvnmafo-' 

7 The incidence of acquired pehic disease, especial!' 
character, is high 

8 The thyroid is almost constant!' slightly full 

9 The form of the breast offers nothing characteristic 

10 The general bod' form and 'veight tend toward slenderne- 
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The conditions favorable to the formation of these growths ha\e 
been discussed as if only thiee distinct types existed Such is obviously 
not the case, tor it has already been pointed out that morphologic 
vaiieties of tumor tend to be connected by transitional foims and the 
much less tangible conditions of etiology are, as might ha^e been 
expected, still less sharply defined Fuithermore, since the character- 
istics of etiology of tumor forms as outlined aie based entirely on 
percentages which never approach the hundred maik, it must be evi- 
dent that they aie lepiesentative of tendencies only 

D The 1 elation of the ovaiian function to the formation of malig- 
nant tumors of the breast is much less clear than it is foi the benign 
foims, yet two facts derived from the histologic studies of the pathology 
of the breast indicate that for some cancers at least all that has been 
said about the benign tumors ma}' be said about the malignant tumois 
also The fiist of these points is the debated theoiy of the origin of 
malignant tumois from the benign ones, and the second is the absence 
of an} sharp histologic line between differentiated adenocaicinomas 
and relatnely actively growing benign tumois 

In ordei to i elate the development of cancer to abnormalities of the 
o^ary, certain suppositions are necessary 

1 In vomen in whom malignant growths de\elop before the menopause, cancer 
may arise under various conditions of abnormal ovarian activity A single tipe 
of abnormality w'lll not explain it Thus it must be assumed that in different 
women cancer may appear under the conditions noted for the fibro-adenomas, for 
the "p^intul nodules” or for chronic mastitis In other words, it may be related 
to the disturbances ot ovarian activity incidental to pubertj or to an ovarian 
anomalv describable as a delav'ed pubertv, to an unknown disturbance during 
prcgnancv, to the irregularities of the menopause or to a hvpo-ovarianism in 
vounger women that simulates the menopause state Granted this supposition 
tint cancer mav be related to anj of these phases of disturbed ov'arian activitj, 
practically cverv case among the vounger women m the present group could be 
explained 

2 The late carcinomas of the breast can be related only to the ovarian function 
b\ assuming that thev arc derived from benign or malignant cell rests quiescent 
Miice the time preceding the extinction of the ovarian influence Such a theory 
IS not to be lightlv rejected since if carcinoma is derived from benign hvperplastic 
epithelial tissue, its ultimate origin must date back to the menopause, for it appears 
tint benign processes rarelv, if ever, Iiave their inception after the ovar> has 
completelv ceased to be active 

Another reservation is also to be made for it must be clear that the 
indicated conclusions of the present studv pertain only to the origin 
ot tumois in general and not at all to the cause of malignancy in par- 
ticular since practicallv all the anomalies of the sexual function that 
were noted were found ecjuallv frequentlv in the benign and malignant 
senes The point reached therefore is that at which most clinical 
studies on the genesis of cancer actual!} though not alvvavs admittedl} , 
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terminate It is the point where one must somewhat lamely postulate 
that the cause of cancel is the same as that of the precancerous lesion 
with the possible addition of the accumulative effects from a longer or 
stronger stimulation by the original agent or the hypothetic coopertion 
of an individual or age predisposition of the tissues 

In spite of many reservations there is considerable evidence that 
ovarian dysfunctions are concerned in the production of cancers of the 
bi east 


1 The fact that most reports indicate a greater predisposition among unmar- 
ried women indicates that the cases, if any, due to inflammatory conditions of 
the puerperium are rare since they must weigh so little in the gross statistics 

2 The lower fertility among women with cancer, as reported by several 
writers, is suggestive of relatively frequent pelvic disease 


3 Failure to nurse in a normal manner, a factor often stressed by students 
of the etiology of cancer of the breast, appears from an investigation of the causes 
of these failures to be due almost entirel}' to insufflcient secretion, an internal 
factor connected with the constitution of the reproductory system 

4 A large percentage of the cases of cancer of the breast occur just before, 
during or immediately after the menopause when abnormal stimulation of the 
breast by the ovary may be assumed Among the younger women with cancer 
of the breast many have suffered from a recent change in the type of their 
menstrual periods, an indication of changing conditions in the ovary Among the 
older women, the growths may represent the gradual malignant transformation 


of abnormal epithelial tissues that took origin at the time of the menopause 
S Dysmenorrhea is of moderate frequency among the younger women vith 
cancer of the breast, indicating that certain of these early cases may have been 


produced under conditions similar to those under which fibro-adenomas arise 
6 Premenstrual breast pain is frequently a symptom noted as having appear^f^ 
for the first time shortly before the discovery of the tumor and is evidence o 


recently acquired, excessive corpus luteum effect on the breast 

7 The history of an acquired pelvic disease or of a major gynecologic 
tion IS met with extraordinarily often in the study of patients with breast 
and suggests the possibility that abnormal proliferation in the breast mav at i 
depend on an ovarian function disturbed by the results of pelvic inflamma 


or congestions 

8 The thyroid often shows some abnormality, such as diffuse 

m the younger or nodular goiter in the older patients The significance 
change rests on the probable existence of a common stimulus 
tumor forms, since under physiologic conditions both organs usua ) 
simultaneously 

9 Cancer occurs m all types of breasts, but in the younger 'gjpfjcialh 

common in the small erect breast, similar to that wdiich appears to e 
susceptible to the fibro-adenoma, while m the older women it occurs 
breasts w^bmli are also the seat of chronic mastitis 

10 The body weight m cases of breast cancer was below the period 

normal women in the early age groups and above the average m on- 

In this respect the women with cancer followed the 

hand for the fibro-adenomas, and on the other for the cases o 
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To be in harmon}’’ with the theoi}'' that an internal, endociine dis- 
turbance IS the cause of tumors of the breast, the factor of heredity 
must be effective thiough the medium of a special type of inherited 
genital constitution which is so predisposed as to produce atypical 
breast proliferation in certain of the physiologic eras of life If such 
IS the case, no tumors are significant in the family history except those 
of the breast and perhaps of the other oigans connected with reproduc- 
tion On the other hand, it appears that the hereditary factor is not 
always specific as to the exact form which the tumor of the breast may 
assume, but manifests itself as carcinoma in one generation and as a 
benign tumor in anothei 

CONCLUSION 

The parenchyma of the breast has been shown to depend on the 
sexual cycle for all its normal \ ariations of structure and to be capable of 
rapid growth and transformations under certain physiologic conditions 
of ovaiian activity In this respect the breast is similar to the endo- 
metrium, the thyroid and certain ovarian structuies Pathologically, 
the various forms of tumor of the breast have their counterparts m 
the tumors of the three oigans mentioned and of the prostate What 
clinical observations can be collected from the literature and from 
this study of 271 cases indicate that etiologically the tumors of the 
breast, including carcinoma, are closely related to those of the endo- 
metrium, thyroid and ovary, are somewhat allied to myomas of the 
uterus and are m a way equivalent to tumors of the prostate The 
tumors of these five organs, theiefore, form a group, the etiology of 
whose members shows many points of mutual lesemblance To attempt 
to relate inflammatory accidents of lactation to cancer of the breast is 
to classify it etiologically with cancel of the cervix, which on both 
inductive and deductive grounds appears unjustifiable 

It is possible that the contrast afforded by the causes of oiigm of 
these two common types of new giowth may lead to the formulation of 
a general principle Such a principle would amend the teaching that 
cancer results from chionic irritation by adding that the stimulus must 
as a rule be of the same type as that to which the particular tissue is 
biologically best adapted to lespond with proliferation Such a concep- 
tion would appear, superficially at least, to reconcile the conflicting 
theories of numerous authors, who have formed their opinions of the 
causes of cancer from the study of the new growths of entirely different 
tissues With this view it would be entirely consistent for mechanical 
or chemical irritants to produce cancerous changes in the protective 
epithelial cells covering the surface of the body and lining the walls of 
the intestinal tract, for an infectious agent to induce new growth in 
lymphoid, myeloid or granulomatous tissue for trauma to produce 
tumors by evoking the reparative function of fascial and osteogenic cells 
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and finally for hoimonal influences to be effective in producing hyper- 
trophy, hypeiplasia and neoplasms in the breast and other organs whose 
normal giowth piocesses are under endocrine control 
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INDUCED PARALYSIS OF THE DIAPHRAGJU 


J L YATES, MD 

AND 

FORRESTER RAINE, MD 

MILWAUICEE 

Induced paralysis of the diaphragm imitates spontaneous paral)sis 
which is a natural protective reaction to divers pleuiopulmoiiary irrita- 
tions The capacity of the thoracic cavity of the side aftected, or of both 
sides if the paralysis is bilateral, is reduced by the upward displacement 
of the diaphiagm 

A further reduction frequently results from a coi related iiicreabcd 
declivity of the ribs and narrowed intercostal spaces (figs 1 and 2) 
Moieover, the excursions of the ribs are restricted Induced and spon- 
taneous paialysis may be incomplete or complete, unilateial or bilateral, 
transient, temporary or peinianent^ 

Submitted for publication, Feb 27, 1930 

■’ The experimental observations on which the clinical rvork was based were 
conducted m the Ambulance de L’Oeean at LaPanne (1917), the Centra! Labora 
tones of the A E F (1918), and at Columbia Hospital (1919-1920) under grants 
from the American Red Cross The clinical work was done in various hospitals 
for nontransportable wounded of the First Army, A E F , in the Muirdale Sam 
tarium for Tuberculosis of Milwaukee County, in Mount Sinai and Columbia 
Hospitals, Milwaukee . 

Evidence for statements made in this communication can be found m ° 
lowing Yates Wounds of the Thorax, in Oxford Surgery, London, 
University Press , Wounds of the Chest, in the Medical Department of the 
Army m the World War, 1927, vol 11, pt 1, pp 343-442, Effects of Acuty« 
Chronic Pneumothorax, Am J M Sc 165 1, 1923, The Significance o 
Capacity in Intrathoracic Therapy, Arch Surg 10 477 (Jan ) 1925 , T e 
cance of Vital Capacity in Intrathoracic Therapy, ibid 12 257 
Rationale of Operations Helpful in Promoting Recoveries from 
culosis, ibid 14 369 (Jan) 1927, Pulmonary Tuberculosis, ibid 19 
1929 Yates and Raine Diseases of the Lymphatics, in Practice o 
Hagerstown, Md , W F Prior Company, 1929, vol 3, chapter 9 

1 Upward displacement is caused by the action of negative 
sures and positive intra-abdominal pressures on a more or less mer^ jnerea'^fd 
unless pleuritic adhesions at the base are strong enough to preNent ^ gnd 

declivity of the ribs and narrowing of the intercostal spaces is more^c^^^^ ]e^•atnr 
greater if the muscle is atonic as w'ell as paralyzed This e ec on^^ jjjljibitwf 
costal and intercostal muscles is apparently produced bv some ot 

probably through the sympathetic nerves Paralysis and pleurae d' 

the diaphragm affect animals with thin pleurae and those mt gnimals 
similarl} Human beings have thick pleurae The mediastma o 
thin pleurae are neither air-tight nor water-tight The me las m 
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Occasionally a transient bilateral paiahsis is niduced to arrest 
singultus, 01 a tiansient unilateral parahsis is used to facilitate trans- 
abdominal lepair of diaphragmatic hernia Commonl}, temporar) and 
peiinanent paralysis and atonicit} are induced for purposes to be dis- 
cussed latei because of the following responses 

Reduction in the capacity of the thoracic canty imposes a coi respond- 
ing diminution in the volume of the lung Restricted movements of the 
paiietes limit the excursions of the lung to those slightl} above and 
below the level of mean inflation 

Reduction of the volume of the lung approaches but does not reach 
the position of collapse (which occurs if negative piessures are 
abolished) when complete paraljsis and atonicit} are induced and the 
ascent of the diaphragm is not impeded b} adhesions Under these con- 
ditions the lungs and visceral pleura of human beings and animals with 
thick pleurae receive the largest unit volumes of blood through the 
bioiichial ressels, and the lungs leceive the largest volumes of blood 
thiough the pulmonary vessels - Both blood volumes are delivered with 
less than usual caidiac labor because peripheral intrar ascular resistance 
IS so neail} inmunal Material restriction of pulmonar} excursions 
curtails the dissemination of noxious substances from pleuropulmonar} 
lesions and does not interfere with healing which can be almost scarless 

Thus induced paralysis which, be it reemphasized, is an imitation or 
lather a reproduction of natural protective reaction to some pleuro- 
pulmonaiy iriitations, accomplishes two extremel} beneficent results It 
shields the subjects from mtolerabh rapid dissemination of toxic 
products, bacteria and tumor cells from inflammatory and neoplastic 
lesions The maximum units of blood delnered assure that the lungs 
and visceral pleura will realize the utmost of their power of resistance, 
defense and repair ® 

thick pleurae are both air-tight and water-tight Eleiation of one side of the 
diaphragm in the former reduces intrapleural negative pressures equalh in both 
sides of the thorax , m the latter, only in the side affected ^loreover, the com- 
pensator^ emplivsema \\hich occurs automaticalh vith unilateral diaphragmatic 
paralysis m the contralateral lung prevents displacement of the mediastinum touard 
the unaffected side if the circulator> apparatus is competent, it ma^ eien cause 
displacement tonard the affected side 

2 A.ndrus and Wilson ( A.rch Surg 19 1205 [Jan] 1929) showed that this 
effect is produced m both lungs of animals with thin pleurae (dogs) if one side 
of the diaphragm is parahzed 

3 Resistance, defense and repair are produced b\ the actiMties of tissue cells, 
supported, stimulated and supplemented b\ the cellular and noncellular constituents 
of the blood delnered to them If the\ are adequate, thei confer insusceptibi!it 3 
If shghth less adequate, disease is inaugurated but reco\er\ occurs If thei are 
more inadequate death is mcMtable Therapi is successful as it increases the 
quantiti of blood delnered to lesions and improies the qualiti of blood in circula- 
tion, and, when necessan, restores its aolume 
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These benefits aie purchased at a price Paralysis of one side of the 
diaphragm reduces vital capacity upward of 10 per cent even when the 
lungs are little affected and the myocardium is competent Vital capacity 
measures the efficacy of external respiration which deterniines the 
capacity of a person to work and to survive Paralysis of both sides of 
the diaphragm more than doubles the handicaps of unilateral paralysis 



Fig 1 — J W , Muirdale Sanitarium, March 25, 1924, aged 28 Roentgen^ 
taken at the end of inspiration There is limited spontaneous paresis o 
side of the diaphragm, and coincidental narrowing of the intercostal ^P**^*^* 
right side Phrenemphraxis performed on April 8, 1926, induced comp e 
SIS but not atonicity Severe crushing was employed to protract e ec 


The technical p-oblems involved in the induction of 
now obvious, namely how to induce complete paralys's an 
simply and dependably and how to induce transient, ppiic- 

permanent paralysis so that the handicaps imposed need not e 
fits conferred 
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Motor impulses are tiansmitted to the diaphragm in human beings 
with rare, if aii} . exceptions, through the phrenic nerves and their 
aberrant oi accessory branches Some of the impulses that maintain the 
tonicity of the diaphragmatic muscles are transmitted through fibers in 
the sympathetic nerves Numerous anatomic studies have revealed that 
aberrant and accessory branches arise from phrenic nerves and fiom 



Fi" 2 — J W , Muirdale Sanitarium, Dec 20, 1929, aged 34 Roentgenogram 
taken at the end of inspiration There is incomplete recovery of motion of the 
right side of the diaphragm Increased declnitj of the ribs and narrowing of the 
intercostal spaces (right) has reduced capacit\ of the right side of the chest 
materialh and has induced obvious compensaton emphasema in the left lung 
The mediastinum was tlierebv displaced slighth to the right 

tlien constituent third fourth and fifth cervical roots in more than one 
half of all people and that these branches mat take dners pathwa}s to 
reach the diaphragm Some run independenth and are aberrant , others 
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fuse with the nerve to the subclavius muscle, a few fuse with the 
descending branch to the omohyoid, and aie to that extent accesson 
Abel rant and accessory branches aiise because of failure to fuse or to 
1 emain fused with other phrenic fibers Aberrant twigs usuall} lie quite 
paiallel to the mam phiemc trunk, some barely separated fiom it, others 
are moie remote, and may he anterior, lateral oi medial to the trunk 
They may continue as separate neives to the diaphragm or may fuse 
with the mam trunk at diffeient levels, thus foiming loops which some 
times include othei stiuctures, e g , the thoiacic duct of subclavian vein 
Accessory blanches join the nerve to the subclavius muscle or the an'^a 
hypoglossi, then leave them to continue downward either as separate 
branches to the diaphragm or to fuse with the mam phrenic trunk 
within the chest Fibers of sympathetic nerves that transmit tonic 
impulses to the muscles of the diaphragm may join the phrenic nerves 
m their upper or lower cervical or intrathoracic portions or may reach 
the diaphragm independently 

Experimental studies and about 300 opeiations performed on huiiiaii 
beings have led to a development of methods that satisfy the following 
requirements 

An incision that will offer a direct approach to the lower anterior 
surface of the scalenus antious muscle on or near which the mam trunk 
of the phrenic nerve will be found 

Subcutaneous dissection that will provide adequate exposure safeh 
and simply and permit of closure that leads uniformly to good healing 
without interference with function and with an insignificant scar 

Means to determine during operation when all the fibers that trans 
init motor impulses have been blocked and complete paralysis has been 
induced because, as already stated, aberrant and accessory branches are 
moie often present than absent, but infrequently contain motor 
Consequently, the wider dissections needed to discover and to block t e ^ 
aie usually futile and are more or less haimful as the branches traiisi 
useful impulses . 

Means to determine during operation when the fibers that tra 
tonic impulses have been so effectively blocked that the upwar 
ment of the diaphragm may suffice to provide the most 
diminution m lung volume and restriction of its excursions 
Measures by which the transmission of all motor impnlses 
interrupted for a few day^s, weeks or months oi jiermanent v 

OPERATIVE TECHNIC 

tliesia (1 

The operation is performed with the patient under (0 65 Gm ' 

procaine hydrochloride), and lying on a fluoroscope table en ^ pi 

of sodium barbital given an hour before operation to plireniC’C'’’^ 

poisoning from the anesthesia and to limit apprehension 
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IS to be blocked and exeresis is a possibihb, the patients are gnen a glass of 
cream a half hour previoush so that if the thoracic duct is torn the discharge of 
ch\le IS immediately obMous, and ligation of the duct is facilitated 

If the left ner^e is to be blocked and the lo^^er left side of the chest is so 
dense that the diaphragm cannot be recognized fiuoroscopicalh , patients are gnen 
carbonated nater to create a contrast gas bubble in the cardia of the stomach 
A transverse incision is made m a skin crease just above the clavicle It 
extends from 1 inch lateral to the outer margin of the sternomastoid muscle 
inward 1 or 2 inches mesial to that margin and exposes the anterior surface of the 
muscle The superior hp is freed and retracted upward, fibers of the muscle are 
separated and retracted laterallv, exposing the deep fascia (fig 3) 

Palpation locates the scalenus anticus muscle, and this determines the approach 
In some persons the internal jugular vein overlies the muscle, in others, the 



ITg 3 — Dissection carried down to first laver of deep cervical fascia, sterno- 
mastoid split and retracted mesiallv and laterallv 


muscle IS literal to the vein If the vein overlies the muscle, its lateral border 
IS exposed'* and the vein is retracted mesiallv (fig 4), otherwise it is not dis- 
turbed The deep fascia is divided close to the mesio-infenor border of the 
omohvoid The muscle is retracted laterallv and the fascia mesiallv (fig 3) 
exposing the laver of fat in front of the scalenus anticus muscle 'Within this 
fat lies the transv erse cerv ical arterv and Iv niph glands, vv Inch mav be considerablv 
enlarged in patients suffering from pulmonarv tuberculosis affecting the upper 
lobes Blunt dissection usuallv quite painless, makes it possible to expose the 
prevertebral fascia overhing the scalenus anticus muscle to which the phrenic 
nerve is usuallv attached without iniuring the transverse cervical arterv It is 

4 Care must be taken to see the lateral wall of the vein which mav he col- 
lapsed before incising adjacent structures Serious even fatal hemorrhages, and 
air embolism have been caused bv failure to take this precaution 
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desirable not to infiltrate the fat with procaine hydrochloride, as this ma\ desen^ 
tize aberrant fibers Rarely the lymphomas are so large and numerous that some 
of them must be excised to obtain exposure of the prevertebral fascia 

Lateral retraction of the margins of the aperture in the layer of deep fat per 
mits identification of the mam trunk of the phrenic which is freed b} incising 
the fascia along its margins A loop of thread is passed around the nene and 
used as an elevator If a transient paralysis is indicated, a few drops of 1 per 
cent cocaine are injected intraneurally Fluoroscopic examination reieals whether 
or not the diaphragm is adequately paralyzed If not, aberrant or accesson 
branches containing motor fibers are found and infiltrated or slighth crushed 
Usually temporary or permanent paralysis is desired The nerve is held iooselj 
between the blades of a sharp hemostatic forceps, the lights are extinguished, the 
x-rays generated and the diaphragm visualized Closing the clamp abrupt!} causes 



Fig 4 — Dissection completed and nerve crushed The incision and 
shown IS greater than that employed but 15 shown here to give the anatomic 
tions of adjacent structures 


an immediate contraction of the muscle, followed bi relaxation an isp ^ ^ 

upward If all motor fibers have been blocked, the contour of the 
rounded and immobile save for the traction exerted by the otier 
diaphragm at the end of deep inspiration If not, wavy undulati^s 
inspiration produced by contraction of the unparalyzed fibers 1® ,5 until** ‘ 
sary to locate aberrant and accessory branches and to repeat the crus 1 
paralysis, as shown by the fluofoscope, is complete Motor fibers are^ 
monly transmitted through aberrant than accessory branches, an j- 

the accessory branches are more often in the nerve to the subclavius 
the nerve to the omohyoid Ihe reason for not infiltrating tie 

phr 


procaine hydrochloride now becomes apparent , sensor 

The mam trunk of the phrenic nerve contains both ^ jl^pylder ' 
and when irritated it produces pain referred to the back 0 
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It sometimes lies m anomalous positions and can be iduitihed b\ the pam caused 
if It IS pinched So too the aberrant and accessorj branches ma\ contain both 
motor and sensor^ fibers though the% ma% contain neither Aberrant twigs are 
often so small that identification is difticult but the pam produced b\ pinching 
frequenth is helpful m identifiing them Similarh the pro\ocation of pam 
makes the identification of the ncr\e to the subclaMus easier Occasionalh it is 
necessan to crush all of the deep fat adjacent to the aperture to induce complete 
parah sis 

hen the transmission of the tonic impulses is blocked effectneh, the dia- 
phragm IS not onh displaced to a higher le\el which would not of itself be recog- 
nizable, but It IS also rendered so atonic that a paradox appears The parah zed 

side rises during inspiration A paradox appears immcdiateh or after a few 
da^s 111 a majoriti of those m whom the induced parah sis is complete It is as 

\et uncertain whether there is am material difterence m the benefits conterred 

between complete parah sis with and without effcctue atoiuciU ® 

Once the ner\e or ncr\cs that contain fibers winch transmit all motor impulses 
to the diaphragm haie been idcntifitd it is possible to induce temporari parah sis 
of approximateh desired duration (phrcncniphraxis) Crushing ner\es moder- 
ateh seiereh m two places will be effcctiic for eight or ten weeks crushing them 
se\ereh in four places will protract parah sis for three or four months More 
seiere crushing m fi\e places will induce parah sis of longer duration but recoieri 
is uncertain either the nene fibers do not regenerate or the degeneration m the 
muscle cells is irrecoverable It now seems likeh that when prelimniarv cruslimg 
induces a paradox, the total crushing should be kss severe to avoid the degenera- 
tion that imposes permanent parah sis 

Permanent parah sis is induced cither bv resection of an inch or more (phreni- 
sectoniv ) of nerves contaimng motor fibers or bv the division of such nerves and 
extraction ot tlicir distal portions (cxercsis) Plirenisectomv is preferable when 
the parah sis induced bv crushing is complete and the atonicitv is judged to be 
adequate Pam is limited to the first crushing and there is no danger M hen 
the parah sis caused bv crushing is incomplete or the atonicitv is inadequate the 
mam trunk of the phrenic is divided and the distal portion gradiialh withdrawn 
Extraction is painful if there are dense pleuritic adhesions it is not alwavs eftica- 
cious, and is not vv itliout danger Intrathoracic hemorrhages hav e been reported 
It is stated that a subclavian vein was torn, and a fatal hemorrhage resulted We 
have noted tearing of the thoracic duct during the extraction of two left phrenic 
nerves Both were ligated without producing svmptoms In one patient exeresis 
failed to induce complete parah sis An aberrant or accessorv branch which 
escaped detection extended independeiith to the diaphragm, or some motor impulses 
were delivered through fibers m the twelfth thoracic nerve Moreover, exeresis 

5 The degree of pulmonarv deflation approaches more closeh the status of 
collapse if atonicitv is effective and intravascular peripheral resistance is reduced 
to the limit of possibihtv, and probabh the exclusions of the ribs are minimized so 
that dissemination is restricted to the utmost unless the lung is immobolized 
Complete immobilization of the lung automaticalh reduces uiivv holesomeh the 
amount of blood delivered through the bronchial arteries which, unlike the pul- 
monarv vessels, are under vasomotor control It also introduces the atrophv 
of nonuse and curtails the activities of tissue cells Bronchial arterial blood 
furnishes the lungs and visceral pleura m human beings with the bulk of 
nutrition and of the cellular and noncelliilar elements which contribute the major 
portion of resistance, defense and repair 
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will not induce effective atonicity manifest in paradoxic inspiration when the fiberv 
of the sympathetic nerves that transmit tonic impulses reach the diaphragm inde' 
pendentlj or unite with the phrenic below the level at which it tears 

Closure— Th& margins of the aperture made in the deep fat by blunt dissectio.i 
are approximated with a pursestring suture of fine catgut The deep fascia and 
the fibers of the sternomastoid muscle are united with interrupted stitches Tk 
subcutaneous fat and the platysma muscle are united with interrupted catgut 
stitches so placed that when tied the knots are buried deeply after the marguiv 
of cleavage in the sternomastoid have been sutured loosely The skin is dostil 
accurately with fine silk stitches (fig 5) When the hemostasis has been com 
plete, if the skin stitches are removed on the second day and approximation wain 
tamed with strips of adhesive plaster, the healing is excellent and keloids e\cep 
tional 

Postopci ativc Caic — Robust patients should remain in bed for three dais to 
avoid tachycardia while the intrapulmonary circulation is becoming readjusted 



Fig 5 — Closure of subcutaneous fat and platysma 


in patients with advanced pulmonary lesions often suffer from tachjcardiai 
increased cough and expectoration during this interval and need absolute rest 

THERAPEUTIC ASPECTS 

Chntcal and experimental evidence suffices to explain and to 
the utility of induced paralysis, to define the states that make it 
indicate certain conditions in which it has not been but siou 
employed, and to disclose its disadvantages 

6 Reduction in lung volume (partial deflation) and limitation 
not only increase pleuropulmonary powers of resistance, defense an ^re 
restrict dissemination from lesions, but also the reduction m 
pressures permits the walls of cavities in the parenchyma to collapse 
the contractions of the wall of dilated bronchi Alterations m m ‘ ^,,,1 

circulation which are favorable to patients who retain p/iiirr 

myocardial competence are futile m other patients whose boo ^^or^ jecinn' 
are irreparably impaired, whose heart muscle is exhausted or w ' 
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Utility — The sooner paialysis is induced, the larger the element of 
prophylaxis and the greatei the benefits A summary of personal obser- 
^atIons and expeiiences follows 

Empyema — Acute Induced paralysis is applicable only to interlobar 
and supiadiaphragmatic forms, as spontaneous paralysis occurs when 
the diaphragm is involved Temporaiy unilateral paralysis is then bene- 
ficial whether open or closed drainage is employed 

Chronic This type occui s in two forms, tuberculous and nontubercu- 
lous Permanent unilateral paralysis is beneficial when the diaphragm 
is not already immobilized reflexly or by dense adhesions It limits the 
extent of subsequent thoracoplast)--, if that is needed to promote healing 

Abscess of the Lung — Acute and Single Temporary unilateral 
paialysis is beneficial when the abscess does not communicate with 
bronchi and postural drainage is impossible It may obviate the neces- 
sit}'’ for external drainage 

Chronic, Single or Multiple, Actinomycosis and Tuberculosis Per- 
manent unilateral paralysis is beneficial if patients have not lost their 
capacity to make blood or the myocardium is not too weakened It 
prolongs life and reduces the extent of subsequent thoracoplasty needed 
to promote healing 

Pleui opuhnonai y Abscess — Gangrenous Permanent unilateral 

paralysis, if the abscess is large, or temporary paralysis if it is limited, 
hastens reduction of the cavity and lessens or eliminates subsequent 
thoracoplasty 

Bi onchiectasis — Incipient Temporary unilateral paral)'sis togethei 
with other measures, including postural drainage, may introduce 
recovery 

Moderately Advanced Permanent unilateral paralysis may, if other 
measures are employed, lead to sufficient improvement to be satisfactory 
If not, wide, extrapleural resection of the lower ribs will introduce 
recovery 


prohibitively advanced Incipient or impending, e g , traumatic and operative, 
pleuropulmonary inflammations unaccompanied 63'' paresis of the diaphragm occur- 
ring m less robust persons, particularly if there is myocardial weakness, can be 
made least ominous, distressing and probably shortened if a transient or brief 
temporary paralysis is induced Reduction of 10 per cent in vital capacity in a 
robust person in whom induced unilateral paralysis is seldom indicated would be 
revealed by unusual dyspnea and tach3mardia only in extraordinary physical exer- 
tion Reduction of vital capacity would exceed 10 per cent after induced unilateral 
parab'sis in a person having pleuropulmonary lesions and usually a weakened 
m3 0cardium Indeed, the limitation m external respiration might be prohibitive 
of even restricted physical effort Bilateral induced paralysis produces even in 
the robust a transient d3spnea that simulates the consequences of breathlessness 
resulting from thoracic injury 
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Advanced Permanent imilateial paralj^sis, wide resection ot tk 
lower SIX ribs and intei costal muscles and emplo3aneiit of other iiieasure> 
may pioduce satisfactory lecoveiy If not, the patients are piepared tor 
the extiapleural lobectomy of Whittemoie or the cauteiy lobectomi oi 
Gi aham 


Pulmonmy Tnbei culosis — Incipient Whether the disease is of the 
adult or infantile foims, tempoiary induced unilateral paralj^sis eniploied 
in conjunction with othei measuies, including proper exposures to sun 
shine and, when indicated, supplemented with transfusions of iinmodi 
fied blood, promotes the most ceitain and lapid convalescence Onr 
experience indicates that this proceduie if employed immediately after 
diagnosis is made, will materially reduce the duration and extent ol 
disability 


Model ately Advanced All measuies aie futile if the patients are 
highly susceptible, i e . have lost hematopoietic capaciA, which can he 
determined by blood counts and estimations of sedimentation latcs 
repeated dining an mtenal of seveial weeks while they are being gnen 
appropriate treatment, including transfusions of blood Other patients 
who retain or can regain then blood-forming powers are benefited 
greatly by unilateral temporary or permanent paralysis The healing 
of their lesions may suffice to obviate the need of thoiacoplasty, or.it not 
to restrict the number of ribs that must be resected to permit of such 
healing Sometimes a temporal y paralysis must be made permanent h 
after the diaphragm regains activity the signs and symptoms indicate 
reawakening of the disease 

Advanced A larger proportion of patients m this gioup hare 10 ^ 
blood-forming capacity than in the preceding Others have irreparaic 
myocardial incompetence, still others haie iiiepaiably'^ advanced lesion 
often bilateral The balance can be benefited by'’ permanent 
paralysis followed by'^ more or less extensive thoiacoplasty, 
if bolstered by multiple transfusions Some can be enabled to « 
gainful occupations In a few, it is said a temporal y paiaUsis o 


opposite side of the diaphiagm may"^ be helpful 

Hemoptysis — Hemorrhages (bright blood) from bronchiaOn 
are little affected by paralysis of the diaphragm Hemoinaj,e^^ 
the pulmonary arteryx in which the pressuie is about one 
sy^steniic arteries, are usually promptly, and as a i ule pern < 


conti oiled 

Pi eparahon foi Thai acotomy — Emergency 
cotoniies are performed to relieve injuries associated \m '' ^ 
01 hemopneumothoi ax and to lehex'e strangulated cliapbraj,i 


often resulting from trauma 
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Hemothoiax produces paresis of the diaphragm within an hour or 
two, later it becomes a paralysis If when the chest is opened at the 
site of election (fifth nb) the diaphragm begins to contract, a transient 
paralysis (foui days) should be induced by injecting 1 per cent cocaine 
into the phienic neive, which is easily reached in the poition that lies on 
the peiicaidium Should the chest be opened at a lower level, par- 
ticular!) when there is no hemothoiax, it is satest to induce temporary 
paralysis by a ceivical phrenemphi axis half an hour or more before 
thoiacotomy 

Thoracotomies, perfoimed to repair unstrangulated diaphragmatic 
henna, to remove intrathoracic cysts and neoplasms, for exploration oi 
to lemove extensive tumors of the wall of the chest should be preceded 
two 01 moie days by tempoiary paialysis if aftei healing the lung can 
1 again its normal volume, or by peimanent paialysis if there is to be a 
1 eduction in the volume of the lung that will exceed the amount com- 
jiensatoiy emphysema can correct 

The leasons are definite An immobile diaphiagm facilitates opeia- 
tion Reduced volume and excursions of the lung and the consequent 
inclement m unit volumes of blood raise pleui opulmonary resistance to 
infection several-fold, promote repair and i educe discomforts 

Widei Application — Induced tiansient paialysis has not been 
employed in combating severe types of traumatic pleuritis, particular!) 
when accompanied by effusion Induced temporary paialysis has not 
been utilized in the treatment for pneumonias of the central type, 
whether bronchial or lobar, which do not provoke sufficient irritation of 
the visceral pleura to cause leflex inactivation of the diaphragm nor m 
the treatment for unresolved pneumonia oi of incipient pneumonic 
pleuritis when the diaphragm is not immobile 

Benefits to be obtained under such conditions are not hypothetical, 
but proved, and exceed the slight discomforts of a simple operation and 
the temporary i eduction in vital capacity which, if it is embairassmg, 
can be overcome by placing the patients in an oxygen chamber 

SUMMARY 

Means are available to induce, safely and with little discomfort, 
transient, temporary or permanent unilateral or bilateral paralyses of the 
diaphragm which reproduce spontaneous paralyses that are natural pro- 
tective 1 espouses to the more acute pleuropulmonary irritations 

The consequences of the paralysis are both beneficial and detrimental 
and have been proved experimentally and clinically The benefits are 
an increment in pleuropulmonary powers of resistance, defense and 
repair and in the restriction of dissemination of noxious products, bac- 
teria and tumor cells from inflammatoiy and neoplastic lesions 
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The detriments, a reduction in vital capacity, often little, if at all, 
beyond that imjDOsed by disease, need only be transient or tenipornn 
unless permanent benefits exceed permanent detriments 

The earlier paralysis is induced, the gieatei its immediate and 
prophylactic value 

Tempoiaiy paialysis ( phi enemphi axis) should not be mduad il 
transient paialysis will suffice 

Permanent paralysis (phrenisectomy, exersis) should lie induced 
only if tempoiaiy paralysis has been proved to be inefficacious or would 
be insufficient to meet lequiiements 

CONCLUSIONS 

Induced paralysis of the diaphragm is beneficial to patients sulleniii,' 
fiom a numbei of pleuiopulmonaiy diseases 

It makes thoiacotomy and thoracoplasty simplei and safei 
Its gieatest value, proph)daxis, is attained by early utili/ation 
Experimental and clinical ewdence indicates a moie frequent, more 
extended and eailier empIo3anent of this minoi pioceduie, but almniii 
conjunction with othei measuies 



EXPERIMENT/VL EIEALING OF BONE AFIER 
PARATHYROIDECIOMY ' 

KELLOGG SPEED, MD 

AND 

DE'\N L RIDER, j\] D 

CHICAGO 

As a pait of a pioblcm in healing of bone undei vaiying conditions 
of abnormal blood calcium and phosphouis undertaken by the senioi 
authoi, the definite lesults of expenmental healing of bone m dogs aftei 
parathyi oidectomy seem woithy of a separate repoit 

One of the fiist experiments on the influence of the parathyroids on 
healing of bone was made by Moiel ’ in 1910, tins covered the influence 
of the parathyroids on consolidation of fractured bones m cats, and 
followed his report of the pievious year, which dealt with the action of 
the paiathyroids on the growth of healthy bone His experiments 
covcicd, fiist, ablation of most of the paiathyioid tissue m adult cats, 
whicb was found not to letaid the piocess of ossification of expenmental 
fiactuies, second, similai ablation of most of the paiathyioid and 
Ihjioid tissue in young cats, which icsulted in a delay m the healing of 
the fiactuies for an aveiage of seven w'eeks Foui cats w^ere used two 
died , one had tetany, and in the fourth a delayed bony union was demon- 
stiated in compaiison with two contiols that showed normal union aftei 
fiactuic The piocess in the thyioparathyi oidectomized cats was chaiac- 
Icii/ed by a flexible voluminous callus which w'as almost exclusively 
tai tilaginous Morel lefeiied to Canal’s woik and asserted that his 
conclusions veiified Canal’s, namely, that this opeiation in cats caused a 
ictaidalion of bony healing aftei fiactuie m young cats only, not m 
adults Aftei study of this repoit, the feeling exists that a complete 
thciopaiathyroidectomy w'as not done on the animals that lived, but that 
enough paiathyioid tissue w'as lemoved to veiify delayed union aftei 
fiactuie in cats 

Ihe influence of pai athyroidectomy on bony healing m rats and 
pup])ies W'as investigated by Ogawa, in 1925, fiom a different angle- 

Submitted for publication, Feb 20, 1930 

From the Surgical Department, Rush Medical College 

1 Morel, L Compt rend Soc de biol 68 163, 1910, 66 837, 1909 

2 Ogaw i Healing of Fractures in Reference to the Parathyroids, Aich 
c\pcr Path u Pharmakol 109 83, 1925 
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He carefully reviewed the liteiature back to 1896 and believed that the 
difference in results obtained in these experiments was due to inipropei 
removal of the parathyroids, that is, incomplete removal, some of the 
active glandular tissue remaining After parathyroidectomy on his 
animals, he gaged the effect on healing of bone by a chemical anal} sis 



A o-Iit Sec table i 

Fig 1 — A, bones removed from the legs of dog SO, left an rig 
The right leg is shown six weeks after fracture, it has reasona m 

The left leg is shown three weeks after fracture, it presents no ’ pj^io'^tci"'’ 
the radius Considerable amount of callus is formed beneat i 
extending up the shaft of both bones of both legs, and yet t ^ ^^ 2 } Oiih tin- 
in the fracture is slight B, bones from the legs of dog 51 (ta fractuff 

right leg of this dog was broken, and three weeks have elapse si^^^^ 

The scant amount of callus attempt is apparent, although t le 
lent apposition No union is present 
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of the callus, estimating its calcium content (CaO_) He found that if 
paiath3ioid extract was given to the animal after expeiimental fiacture, 
the callus was greatei than m noimal contiols, that is, it contained less 
water moie ash and more calcium Aftei th) roidectomy alone there 
was also a gieatei amount of callus, with no change m the water and 
ash content, but a slightly greater amount of calcium than in normal 
controls He obseived that in dogs it was necessary to remove the 
thyroid also, m oidei to he sure that all paiathyroid tissue was obtained 
The conclusion was i cached that the parathyioid hormone and the 
th}roid hoimone work antagOxiistically in the la3nng down of calcium 
111 callus 

Anothei inteiestmg series of expeiiments was performed b3^ Ham- 
mett,^ in whose papers are given the results of a stud3'^ of the gross 
anatomy and chemical difteientiation of the humerus and femur of the 
male and female albino lat duiing their peiiod of growth, from 75 to 
150 days of age, and the influence of ^130 oparathyroidectom3'^ and para- 
th3Toidectomy on this growth The stud3’' concerned itself most^"^ with 
an ash anal3sis of the bones with determination of the calcium, mag- 
nesium and phosphorus contents The glandular deficiencies w’^eie 
initiated at 75 days of age 

It was found that 111 normal bone at 75 days of age the calcium 
percentage content of the femui is less than that of the humerus in both 
sexes, theie is no discussable difference in the magnesium or the phos- 
phorus contents During the period from 75 to 100 days of age, there 
IS a definite increase 111 the calcium percentage of both bones of both 
sexes, but no shifts in the magnesium or phosphorus percentages This 
age difference is direct^ correctable with the fact that the rate of 
growth of the femui in weight and length and in increment of water, 
01 game matLci and ash, aie greatei than that of the humerus during the 
giow^th period from 75 to 100 da3S of age 

The bones of thyroparatltyroidectomized rats showed that the pei- 
centage of composition of these bones, femur and humerus, was the 
same, sav^e that m males the phosphorus percentage was greater in the 
femui than m the humerus Both these bones of both sexes of the group 
operated on had less ash, calcium, magnesium and phosphorus The 
bones weie also lighter and shortei, and contained less water and 
01 game mattei The bone of both sexes of parath3froidectomized rats 
contained smallei absolute amounts of ash, calcium and phosphoius 

3 Hammett, F S Thvro-parath\ roidectom\ , J Metab Research 5 169 
(Apnl-June) 1924, Calcium, Magnesium and Phosphorus Content in Bone Ash 
of Rats J Biol Chem 72 505 (April) 1927 , Chemical Differentiation of Bone 
During Gro\\th Studies of Th-\roid Apparatus, J Exper Biol 47 95 (Feb) 1927 
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In 1927, Stewait and Pei aval, ^ in their studies of calcium inetabo 
lism, especially that on the action of the paiathyroid glands in con- 
trolling the concentration of the calcium in the blood, observed that the 
paiathyroids may affect the absorption or excietion of calcium or at 
least exert some controlling action on the equilibrium between the dif- 
ferent forms of combination in which calcium exists in the blood and 
between the concentration in the blood and in the tissues It was Green- 



six 


Fig 2 — A, bones from the legs of dog 53 (table 3) The ngi ^ (i,e 
— weeks, and the left leg, three weeks after fracture Apposition ^ 
fragments in these fractures is not as complete as in the legs o ogs 
There is a scant amount of callus at the site of fracture, even in jiOle 

fracture of the right leg, the left leg, three weeks after 
callus Incomplete union is seen m both legs B, bones from t le m 

the right leg six weeks, and the left three weeks, after fractu^ aniount ot 

the right leg is not as good as in the left leg There is insu c^e^^^ 
callus at the site of fracture, so that nonunion is apparent m 
There is still considerable subperiosteal callus remote from the site o 


4 Stewart, C P , and Percival, G H 
Biochem J 21 301, 1927 


Studies m Calcium 


Metabdi 
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wald and Gross who suggested, m 1925, that the paiathyroid hormone 
IS the substance which keeps in solution the laige excess of basic cal- 
cium phosphate 

Stewart and PeicivaM found that m cats repeated hemoirhages 
(bleedings) did not reduce the propoition of blood calcium Para- 
thyroid hormone given suhcutaneousl}'- caused a rise m blood calcium 
about one-half as fast in cats as in dogs When it was given intra- 
venously, the action was much quickei Oral admimstiation of sodium 
bicaibonate lowered blood calcium, probably by producing a decreased 
acidity of the intestinal contents, which militates against the absorp- 
tion of calcium or by bunging about an inci eased absorption of 
sodium, theieby causing an alkalosis, which results in a direct lower- 
ing of blood calcium Then expeiiments show that the paiathyioid 
hormone exeits an influence on the blood calcium content without 
drawing on external souices of calcium, that is, without stimulating 
absoiption of calcium from the alimentary tract The increase m 
serum calcium following the administration of paiathyroid hoimone is 
due, then, to the withdrawal of calcium from body tissues, as the 
increase takes place without any diminution in the excretion of calcium 
and without possibility of any additional absorption from the ali- 
mentary tract 

In effoits to waid off paiathyioid tetany, Wade,® in 1929 gave ani- 
mals cod liver oil in amounts up to 50 cc daily foi two to three weeks 
before parathyroidectomy, and he found that while fatal tetany was 
delayed and the general severity of the tetany was diminished, the blood 
calcium dropped as much as or even lower than m animals that had not 
had cod hvei oil 

In 1928, Fine and Blown® studied the influence of paiath)'roid 
extiact-Colhp " on legeneiation of bone They worked with dogs m an 
eftoit to study repair of bone under the influence of the extract They 
made tiephine openings m the femur and found no evidence of dif- 
ference in legeneration of the bones compaied with controls, either in 
examination by means of the x-iays oi in the gross specimen They 
also lemoved ribs subpeiiosteally, isolating the dogs on a meat and milk 
diet, and concluded that the parathyroid extract-Colhp delayed the speed 
of deposition of calcium in legenerating bones of young dogs, its action 

5 Wade, P A Calcium and Cholesterol in Relation to Thyroid Paratln roid 
Apparatus, Am J j\I Sc 177 79 (June) 1929 

6 Fine and Brown Influence of Parathormone on Bone Regenerations, New 
England J Med 198 932 (June 21) 1928 

7 Colhp, J B Therapeutic Value of Parathormone J A M A 87 90S 
(Sept 18) 1926, Parath\roid Hormone, J Biol Chem 63 395 (March) 1925, 
Calcium Alobilizing Hormone of Parathyroid Glands, JAMA 88 565 (Feb 
19) 1927 
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on adult dogs was not ascertained They believed, consequent!}, that 
the use of the extiact foi delayed bony union was not based on am 
sound principle 

The healing of fractuie in parathyi oidectoinized albino lats was also 
investigated by Chandlei,® who caused a fracture of one bone of the 
forehmb at the time of parathyi oidectomy Histologic studies of the 
bones ten, fourteen and twenty-one days after operation were made 



Fig 3 — Bones removed from the legs of an average normal con 
(table 3) The right leg, shown six weeks after fracture, presents firm on 
with solidified callus The left leg shows a satisfactory bony union vi^^ 
callus formation This represents a normal reaction of a norma 0 ^ 
experimental fracture 

Litter mates wei e used as controls Thei e was no significant dif 
in the healing of the bones in the two groups of albino rats 
A clinical assumption after observation on man, that 
parath3a'oid extract inci eases the calcium in the blood, there i 

8 Chandler, S B The Healing of Fractures m Paratln roidccfo 

Albino Rats, Anat Rec 35 7, 1927 
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moie calcium for fractuie callus has rightly been questioned Union 
following administration of the paiathyioid extract-Colhp in instances 
of delayed union is not necessarily caused by the injection Lehman 
and Cole ® believed that the issue has been confused, that the action of 
the paiathyioid extract is to mobilize the fixed calcium of the body and 
that hence it should not offer aid in hastening or inducing a deposit of 
calcium salts m the soft tissue (callus) about a fracture They believed 
that excess callus found after using the paiathyioid extiact must come 
largely from the bones themselves Hunter and Aub, in then study of 
lead poisoning, found that calcium excretion in patients is rapidly 
inci eased m an amount parallel to an increase in the blood sei um calcium 
on the administration of parathyioid extract If analogy is drawn then 
between the white rat and man, the level of the blood calcium is not 
the essential factor on which depends the rate of calcification of callus, 
as the tendency after injection of paiathyioid extract is toward a reduc- 
tion of the calcium m the bones, and one would expect the withdrawal 
of calcium from the callus itself and a delay of union 

As a logical sequence to such an argument, Gold discussed the 
significance of enlaigement of the paiathyroid gland in osteitis fibrosa 
geneialisata He found that the literature on this disease, Paget’s disease 
and osteomalacia often mentioned associated parathyroid enlargement 
Of seventeen cases of parathyroid enlargement studied at autopsy by 
Maiesch of Vienna, thirteen gave evidence of skeletal changes In six 
instances in this group, osteomalacia had been diagnosed, m five, 
osteitis fibrosa, m one, osteopoiosis, and m one, Paget’s disease 

Gold reported the case of a woman, aged 54, who had osteitis fibrosa 
cjstica A tumoi of the right superior paiathyroid was found and 
extirpated Six months aftei opeiation there was impiovement clini- 
cally, chemically and roentgenologically The blood calcium dropped 
fiom 30 per cent plus to normal The previous abnormal excretion of 
calcium in the urine also appioached noimal Microscopic examination 
ot the gland showed a benign adenoma 

Ross said that he had repeated the expeiiments of Moiel ^ Ogawa ^ 
and otheis, using improved precautions, m a study of the effects of 
excision of different amounts of the four parathyroid glands in cats 
He verified the condition of the experimental fractures at diffeient 
intervals by i oentgenologic examination and determined the blood cal- 
cium content dui ing this course of time 

9 Lehman, E P , and Cole, W H Parathyroid Hormone and Calcification 
J A M A. 89 587 (Aug 20) 1927 

10 Gold, Ernst Mitt a d Grenzgeb d INIed u Chir 41 63, 1928 

11 Ross D E Relation of the Parathyroids to the Healing of a Fracture as 

Controlled b\ the Roentgen Rajs, Arch Surg 16 922 (April) 1928 
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The phosphorus content of the blood was determined botli before 
and after the lemoval of two or three paiathyroid glands, but no change 
m the phosphorus level was found In the first five or six days fol 
lowing fracture in a noimal cat, an invasion of the blood clot at the site 
of fracture by fibious connective tissue was found By the tenth or 
eleventh day, the blood clot had almost entirely disappeared and was 
replaced by connective tissue, with a small amount of cartilage and a 



Fig 4 — Photomicrograph of the right leg of an a\erage norma 0^ 
after fracture, X 366 See table 4 There is abundant calus ^ 

bonj trabeculae almost hiding the site of the fracture The me u a 
not jet established through the site of fracture 

few small areas of bone This invasion of blood clot b} 
tissue and the formation of cartilage occur ni cats from ' 
parath}roids hai^e been lemoved The process of bony do,: 

stage IS dela}ed Ross concluded that removal of two parat 
not (in cats) dela} union of a fracture, removal of three p 
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dela)^s union for as long as from foui to five weeks The excision of 
two parathyroids does not dimmish the blood calcium, but excision of 
thiee causes a drop of fiom 2 to 3 mg of seium calcium per bundled 
cubic centimetei s When the blood calcium 'returns to a normal level, 
bony union of these experimental fractuies follows Removal of two or 
thiee parathyroids does not influence the blood phosphorus level, and a 
ceitam amount of mobility at the site of fracture is not deleterious to 
bony union 

In the expel iments on dogs here reported, Scholz’ dictum that the 
untreated ci etm retains phosphorus and excretes an abnormal amount of 
alkaline earths was borne m mind, and thyroid was given to the th}io- 
parathyroidectomized dogs m doses of 3 grams (0 18 Gm ) per diem, 
because it was felt that the administration of this thyroid exerted no 
influence on the phosphoius metabolism, but reduced the urinary excre- 
tion of alkaline eaiths, particularly calcium, and thereby influenced 
tetany favorabl}^ A confirmation of this fact was noted by Aub, Bauer, 
Heath and Ropes, who noticed that the increase of calcium excretion m 
exophthalmic goiter is out of proportion to the basal metabolism , e g , 
a basal metabolic rate of 55 plus gave a calcium excretion of 170 per cent 
above normal Similarly, m six patients with myxedema it was found 
by them that the average excretion of calcium was 40 per cent below 
normal Without any change in dietary intake, feeding thyroid to these 
patients resulted m an increase in both metabolism and calcium excre- 
tion, verifying the point that the thyroid extract acts to increase the 
endogenous calcium metabolism while the extia elimination of calcium 
comes from the tissues, presumably mostly from the bones In two 
instances of parathyroid tetany with low calcium levels in both blood 
and excreta, the response to thyroid therapy was shown by a distinct 
elevation not only of the calcium excretion but also of the serum level 
Aub, Bauer, Heath and Ropes considered that the effect of thyroid 
secretion on calcium excretion is greater than its effect on total metabo- 
lism Probably the effect of thyroid is merely a direct catabolic action 
on the calcium deposits in the bones, although the high rate of calcium 
elimination is not found in the blood itself 

This reserve or easily influenced supply of calcium ma} be m cancel- 
lous bone Bauer, Aub and Albright noted that the amount of 
cancellous bone varies in different animals, and they concluded after 
their studies that the bone trabeculae of cancellous bone are earl)”^ 
depleted by prolonged administration of parathyroid extract-Colhp , that 
a long-continued high calcium diet results in a rapid accumulation of 

12 Bauer , Aub, and Albright Calcium and Phosphorus Metabolism , Bone 
Trabeculae as Source of Calcium J Exper Med 49 145 (Jan 10) 1929 Quart 
J j\Ied 20 123, 1926-1927 
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tiabeculae and that bone trabeculae seive as a storehouse of readih 
available calcium, whereas the shafts of bones undergo a slow piot^rcs- 
sive exchange of inorganic salts and are not influenced, except in case 
of unusual body demands 

One theory might be advanced in the consideration of the physics ot 
bone, namely, that the calcium in bones is divided into two parts, a 



1 lr>o" 

Fig 5 — Photomicrograph of left leg of an average norrna “ prc 
after fracture , X 3 66 The union is satisfactory, with calci e car 
and ever}" evidence of bony union to follow See table 4 


vIih!' 


larger poition making up the solid structural part of t ie P 

functions primarily as a mechanism foi body support, an ‘ ^ 
stable or more easily influenced portion lying m the j„peiiit.n 

lous bone and acting as a i eady reserve for use when o 
demand calcium salts The anatomic situation of the l,ii^ 

with this theory, the trabeculae are most numeious 





Fig 6 — Photomicrograph of right leg of dog 50 siv A\eeks after fracture This 
dog had had a thj roparathvroidectom\ In table 4, a description of this section is 
available There is much uncalcified callus with connective tissue and fat cells, 
but no mature bone is present 



Fig / —The left leg of dog 50 \\hich had undergone a tin roparatln roldectom^ 

-\o mature bone is present and nonunion is still seen Consult table 4 for more 
detail 
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supply IS greatest The delicate bone trabeculae in close relationship to 
the bone-maiiow aie well situated to receive calcium deposits in times 
of calcium excess and to give up calcium m times of need 

The results obtained from the experimental work on dogs are 
explained in tables 1, 2, 3 and 4 

Table 1 shows the average determinations of serum calcium and 
phosphoius per bundled cubic centimeters m adult dogs 

Table 2 shows the clinical course of four dogs which, out of ten 
survived thyroparathyroidectomy and the subsequent tetany and other 
mishaps and were subjected to experimental fracture All dogs ivere 
kept in separate cages, mostly m an isolated part of the laboratory, and 


Table 1 — Dctetvimaiions of Blood CaJcinm and Phosphoius in Dogs Aficr 

Pai athyi oidcctomy 


Dog 50, on Which 

Ths'ropar'ithyroideetomy Was Perlormed, 
April 17, 1929* 

April 1C, 1929 
April 23, 1929 
May 10, 1929 
Miy 23, 1929 
June 1, 1929 
Juno 14, 1920 
Juno 26, 1929 
July 4, 1929 
July 11, 1929 
July 12, 1929 

Tttentj normal dogs averaged 


Calcium, 

Phosphorus, 


TTeiglil, 

per 100 Cc 

per 100 Oc 

Diet 

Kg 

10 2 

38 

Norma] 

13 0 

68 

58 

Normal 

no 

70 

59 

Normal 

14 5 

69 

70 

Normal 

130 

68 

74 

Normal 


65 

78 

Normal 

14 5 

OS 

78 

Normal 

13 0 

65 

82 

Normal 

ns 

61 

10 0 

Normal 

no 

61 

04 

Normal 


101 

00 




* All dogs conformed more or less exactly to dog 50 m respect to these observations 


watched for tetany Only the most assiduous attention and quick e oits 
made it possible to bring four dogs through to the point of 
It was found that these dogs aftei recovery from tetany did 
ether well The fractures were induced by a Thomas 
leg involved was immediately enclosed in a circulai plaster re 
These dressings had to be renewed in several instances, an 
some movement at the site of fracture oi some u eight bearing, 

, __p« a IJbbtl 

the dog got up Several noimal dogs, some litter mates, 
as controls 

Table 3 shows the results of clinical and roentgenologic 
for the evidence of bony^ union in the four thyropaiathyroK 
dogs subjected to fiactuie ^jje 

Table 4 shows the microscopic evidence of healing of 
fiactured legs of these four dogs, compaied with that in 
noimal dog 


Table 2 —Clinical Histoi j' of Dogs Subjected to Fi actin e Aftei Paiatln i oidectomy 


Opera 
Dog tion 

50 4/17/29, 
thyro 
para 
thyroid 
ectomy 


51 5/6/29, 
thyro 
para 
thyroid 
ectomy 


53 6/8/29, 
thyro 
para 
thyroid 
ectomy 


52 6/14/29, 
thyro 
para 
thyroid 
ectomy 


Postoperative 

Prac 

Postfracture 

Treatment 

ture 

Course 

Calcium lactate 5/23/29, 

Tetany, return 

1 5 gram per 

right 

to calcium 

kilogram of 

leg. 

6/16/29, 3 

weight per 

under 

grains thyroid 

diem in 3 parts 

ether 

daily 6/17/29, 

discontinued. 


attempted 

5/18/29 


to walk 

Calcium gluco 

6/1/29, 

Thyroid feed 

nate m vein, 

Tight 

mg, depressed 

thyroid re 

leg. 

6/11/29, tetany 

moved, calcium 

under 

calcium lactate 

lactate by 
stomach tube 
discontinued, 
5/21/29 

ether 

renewed 

Thyroid 

6/20/29, 

Depressed, 

removed 

right 

calcium lactate 

calcium lac 

leg. 

therapy no 

tate, 6/10/29 

under 

help, no 

to 6/18/29 

ether 

attempt to 
use leg 

Thyroid 

6/27/29, 

Good condi 

removed, 

right 

tion, 7/2/29, 
attempted 

calcium lac 

leg. 

tate, 6/17/29 

under 

to use leg 

to 6/24/29 

ether 



Prac 

ture 

Postfracture 

Course 

Death 

6/20/29, 
left leg, 
under 
ether 

No tetany, de 
pressed, cal 
cium lactate 
no influence, 
6/29/29, im 
proved 

7/11/29, 
m tetany 
autopsy no 
thyropara 
thyroid tissue 



6/20/29, 
in tetany 
autopsv no 
thvropara 
thy roid 
tissue 


7/13/29, 

Not much at 

S/1/29, no 

left 

tempt to use 

thyropara 

leg. 

legs as right 

thyroid 

under 

ether 

not strong, 
few steps 7/27/29 
to 8/1/29 on 
both legs 

tissue 

7/18/29, 

Lay in cage, 

8/8/29 killed, 

left 

began to 

no thyro 

leg, 

under 

ether 

walk 8/1/29 

parathyroid 

tissue 


of several dogs) 


Kormal Control Dog (example 

Normal No glandular 

dog, operation no 

blood medication 

calcium 

9 810 6, 

blood 

phosphate 

5264 


2/2S/29, Not much 8/21/29, 

right Height on leg left 

leg, first aveel,., leg, 

under seemed to have under 

ether pain in it when cthtr 

wallving until 
J/18/29, then normal, 
no limp, cast off 3/20/29 


Recovery slow, 4/10/29, iiUed 

depressed 

1 weeli, bv 

4/5/29 walling 

without limp 


Table 3 — Results of Clinical and Roentgenologic Eianwiation fot Evidence of 
Healing of Bone in Dogs Aftei Pai atliyroidectoiny 


Clinical Examination 


Examination by lleans of S Rays 


Dog 

50 

Right Leg 

At 6 weeks, bony 
union 

I eft Leg 

At 3 weeks, small 
callus motion at 
site of fracture 

Right leg 

At 6 weeks, bony 
union 

Left Leg 

At 3 weeks, small 
callus, nonunion in 
radius 

51 

At 3 weeks, no 
union, motion 
between fragments 


At 3 weeks, little 
callus, fracture 
still looks recent 


53 

At 0 Weeks, callus 

ft 3 weeks, callus 

At 6 weeks, callus 

At 3 weeks fair 


52 


m radius crepitus 
when moved union 
firm, except in 
lateral plane 


At 6 weels callus 
apparent false 
motion both 
bones slight 
crepitus 


apparent, some 
bending, slight 
motion in both 
bones 


At 3 weeks, callus 
around radius, little 
around ulna false 
motion at site of 
fracture no inelu 
Sion of soft parts 


Normal Control Dog (example of several dog=) 


good, denser on 
radius firm bonv 
union ulna less 
dense but more so 
than 3 weeks’ 
specimen 

At 6 Hceks, mal 
apposition of frag 
ments apparent 
callus especidlly in 
distal fragments 
true nonunion most 
of callus subperi 
osteal not around 
fracture 


callus both bones, 
greater m radius, 
which appears com 
pletely united ulna, 
clear space between 
incomplete union 

At 3 weeks apposi 
tion good, more 
callus around radius, 
subperiosteal not 
in plane of frac 
ture no union 
present 


At 6 weeks firm 
bony union 


At 3 weeks firm 
bonv union 


At c weeks firm 
bony union 


At 3 week= firm 
bonv union 




Table 4— Results of Mtcioscopic Examination of Eipeiimcntal Bone Heahnn 

Aftci Pai athy) oidectomy 


Dog 10 
(normal 
control) 


Dog oO 
(parathjroid 
1 eniov ed) 


Dog 51 
(parathyroid 
remor ed) 


Dog 53 
(parathyroid 
roinovod) 

Dog 52 
(parathj roid 
removed) 


Three Weeks After Fracture 

Abundant network of trabeculae 
along fracture plane, small islands 
of calcified cartilage surrounding 
small spiCuIcs of necrotic bone, 
islands surrounded by osteoid tissue, 
around periphery, partly calcified 
cellular tissue with large bone cells 
and some old hemorrhages 

Blueh uncalcifled callus, out of which 
deyelop branches trabeculae of 
osteoid tissue which surrounds poorly 
calcified islands of callus, in spaces 
between trabeculae are fibrillar con 
nective tissue and fat colls, no 
mature bone 

No newly formed tissue along free 
ture plane, on outside is bridge of 
small amount of callus surrounded by 
old blood, slender osteophytes about 
the intact bone, no bony union 

Callus tissue, smaller amount of 
osteoid tissue than in 3 week stage 
of dog 50 

Fracture bridged on outside by 
callus, no union m plane of 
fracture 


Si\ Weeks -Ifter Fracture 
Abundant network calcified bony 
triUieculac fills cay ity of boat iniirroir 
and extends on outside of =balt for 
20 mm , thickness, 8 mm , spices 
between trabeculae filled by ya^cular 
cellular connective tissue 


Irregular structureless masses of cni 
cium salts arranged pcrpendiculnrlj to 
surface of bone, these masses sur 
rounded by uncalcifled callus, formcil 
of trabeculae, spaces between tra 
beculae contain eonncctue ti««ut 
and fat 


Histology identical with that of 
SIX week specimen of dog oO 


Histology corresponds to that of 'um 
period of dog 50, except central depos 
its of calcium arc less extensile, 
no bony union 


CONCLUSIONS 

A Study of seium calcium alone m dogs would show meiel) tlie 
height of the calcium stieam or balance, it would not give ant indica 
tion as to the direction of its flow, whether into excietoiy channels or 
into the bones On these parathyroidectomized dogs in which tetam 
was controlled by the use of calcium lactate and thyroid extract, no 
deteimmations of the calcium content of the excieta weie made 
lack of calcification of the bones after expeinnental fracture, m con 
junction with the low blood calcium led to the infeience that the caciinn 
stieam was directed away from the bones aftei parathyroidectoni). 
that parath) 1 oidectomy, either thiough this change of calcium 
balance or thiough some still undiscox^eied factor, delays the heaiHs 
fiacture m experimental dogs 


A COMPARISON OF THE EFFECTS OF HEMOR- 
RHAGE UNDER ETHER ANESTHESIA AND 
UNDER SPINAL ANESTHESIA - 


JOHN C BURCH, MD 
TINSLEY R HARRISON, MD 

AM) 

ALFRED BLALOCK, MD 

NASHVILLE, TENN 

Owing to the fiequent employment of spinal anesthesia in lecent 
yeais, a cleaiei understanding of its eftect on the general circulation 
seems impoitant Occasional deaths following its use have been unex- 
plained Recently, we had occasion to observe a patient who died fol- 
lowing the teimination of an operation undei spinal anesthesia During 
the opeiation appioximatel}'' 250 cc of blood was lost As no othei 
cause for the patient’s death was found, it was believed that the hemoi- 
ihage piobably was lesponsible foi it The loss of this amount of blood 
m an adult patient undei ethei anesthesia does not usually pioduce 
deleterious effects 

The purpose of the piesent study is to deteimine the effects of loss 
of blood under ether anesthesia and under spinal anesthesia 


METHODS 

Dogs were used m all experiments The blood pressure level was determined 
bj' placing in the carotid arterj' a cannula which was connected to a mercun 
manometer The cardiac output was calculated from the Fick formula 


Cc oxygen consumed per minute 

Cc oxvgen taken up by 1 cc of b'ood in 
passing through the lungs 


— Cc of blood passing through the lungs 
per minute 


The animals were bled from a cannula placed in either the femoral or the 
carotid arten 

In the experiments in which the effects of hemorrhage during ether anesthesia 
were determined, the animals were anesthetized by ether for periods of time 
\ ary mg from one hour and thirty'-seven minutes to two hours and thirty-seven 
minutes before the initial bleeding The anesthesia was profound in all instances 
At the end of this period, the cardiac output and the blood pressure were deter- 
mined At file minute intervals, until the animal had been bled from three to 
six times 111 the different experiments, an amount of blood uas removed at each 
bleeding which equaled in most instances 5 cc per kilogram of body vv eight Fiv e 
minutes after the last removal of blood, the cardiac output and blood piessure 
were again determined, and the experiment was discontinued 


* Submitted for publication Feb 2, 1930 

^From the Departments of Gvnecologv Medicine, and Surgerv of the 
Vanderbilt Universitv 
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In the experiments m which the effects of hemorrhage during spinal anesthesia 
were determined, barbital or morphine m amounts sufficient to permit the intro 
duction of cannulas was given A solution of procaine hydrochloride (1 per 
cent) and strychnine sulphate (0 1 per cent) was used in some experiments and 
procaine hydrochloride (1 per cent) m others From 03 to 1 cc of the fluid 
was injected into the spinal canal m the lumbar region The animal was placed 
on Its side for the introduction of the anesthetic and was then changed to the 
dorsal position The board on which the animal was lying was at all times kept 
parallel to the floor After the needle was introduced into the spinal canal, several 
drops of the spinal fluid were withdrawn into the syringe and reinjected with the 
procaine and strychnine sulphate solution After peiiods of time varying from 
twenty to forty-seven minutes after the solution was injected, the cardiac output 
and blood pressure were determined The blood was then removed from the 
animal usually at five minute intervals, the total amount removed varying in the 
different experiments from 8 to 30 cc per kilogram In most instances the indi 
vidual bleedings were of approximately the same size as those in the experiments 
performed under ether anesthesia After the last bleeding an attempt was again 
made to determine the cardiac output and blood pressure 


RESULTS 

The cardiac output and blood pressure weie not determined before 
the ether was admmisteied A comparison of the figures that were 
obtained aftei the animals had been anesthetized for varying intervals 
of time with those of similar figures on normal unanesthetized animals 
shows that the ether anesthesia did not alter markedly the cardiac output 
and blood pressure Two of the foul dogs were bled 0 5 per cent of 
the body weight at five minute intervals until 3 per cent had been 
removed Determinations of the cardiac output and blood pressure 
after the last bleeding showed a marked decline as compared with that 
before the first bleeding but the animals were in no grave danger ot 
immediate death Removal of blood amounting to 1 5 per cent o tie 
body weight caused some reduction in the cardiac output and blood pre 
sure but spontaneous lecovery of the animal undoubtedly woul 
taken place had the anesthetic been discontinued The lesults o 
experiments m which ether anesthesia was used are given in ta i e ^ 

In an attempt to determine whether or not ether anesthesia me 
the danger of circulatory failure from hemorrhage, two animas 
bled 0 5 per cent of the body weight at five minute 
anesthetic was used except procaine hydrochloi ide which 
the site of the introduction of the cannula The reaction o 
to hemorrhage was approximately the same as that m the jjpd 

were anesthetized by ether As it has already been shown 
Harrison that normal dogs do not reach a state of severe 

y 

1 Blalock, A , and Harrison, T R The Regulation of Dog=, ^ 
Effect of Anemia and Hemorrhage on the Cardiac Outpu 
Physiol 80 157, 1927 



TA.BLE 1— Effects of Hcmoiilwge Dm mg Ethci Anesthesia 


Expen Weight, 
ment Kg 


1 15 5 


2 11 3 


3 12 0 


4 113 


Before Bleeding 
Mean 

Cardiac Blood 
Output, Pressure, 
Cc per Mm of 
Minute Mercurr 


After Last Bleeding 

, » , 

Mean 

Cardiac Blood 
Output, Pressure, 
Cc per Mm of 
Minute Mercurj 


Time 

Interval 

Between 

Beginning 

Anesthetic 

and 

Bleeding 


Total 
Amount 
Bled, Bled, 
Cc per Cc per 
Kg Kg 


2,000 127 


1,4S0 122 


3,132 124 


2,430 105 


710 


490 


2,44S 


1,235 


32 


2S 


120 


50 


f 1 hr 37 min 5 1 

I 1 hr 42 min 5 | 

J 1 hr 47 mm 5 [ 

I 1 hr 52 min 5 

I 1 hr 57 min 5 

I 2 hr 2 min 5 , 

f 1 hr 46 mm 5 I 

1 1 hr 51 mm 5 

I 1 hr 56 mm 5 I 

I 2 hr 1 mm 5 f 

I 2 hr 6 mm 5 I 

L 2 hr 11 mm 5 J 

f 2 hr 26 mm 5 1 

i 2 hr 31 mm 5 \ 

( 2 hr 36 mm 5 J 

f 2 hr 37 mm 4 1 

I 2 hr 42 mm 4 ( 

I 2 hr 47 mm 4 | 

L 2 hr 52 mm 4 J 


30 


30 


15 


16 


Table 2 — Effects of Hevton hage Dtinng Spinal Anesthesia 




Before Bleeding 

After Final Bleeding 

Time 









Interval 

Between 






Mean 


Mean 


Total 



Cardiac 

Blood 

Cardiac 

Blood 

Spinal 

Bled, 

Amount 



Output, 

Pressure, 

Output, 

Pressure, 

Anesthetic 

Bled, 

Evperi 

Weight, 

Cc per 

Mm of 

Cc per 

Mm of 

and 

Cc per Cc per 

ment 

Iig 

Minute 

Mercury 

Minute 

Mercury 

Bleeding 

Kg 

Kg 






r 

25 minutes 

1 

1 

1 

10 0 

420 

34 

0 

0 (died) ] 

SO minutes 

35 minutes 

4 1 

L 16 






1 

40 minutes 

4 ] 

I 

2 

12 3 

SOO 

S4 

0 

O(died) 1 

25 minutes 

SO minutes 

^ 5 s 

i S ® 

3 

13 6 

660 

46 

0 

0 (died) 1 

40 minutes 

50 minutes 

n 

■ s 

1 






r 

45 minutes 

4 ■ 

1 

4 

118 

1,340 

60 

420 

28 1 

40 minutes 

45 minutes 

4 1 
4 1 

i 






1 

50 minutes 

4 ; 

1 






r 

25 minutes 

5 1 







1 

30 minutes 

5 i 


5 

90 

2,630 

95 

450 

40 1 

35 minutes 

40 minutes 

5 1 
0 

30 






1 

45 minutes 

o 

1 






1 

50 minutes 

5 

1 






r 

20 minutes 

5 1 

1 

6 

11 4 

2,100 

70 

365 

16 ( 

25 minutes 

5 , 

i 15 






i 

30 minutes 

5 , 

1 

7 

13 0 

2,230 

60 

0 

O(died) 1 

13 minutes 

2) minutes 

n 

» 

; 


16 8 




r 

47 min 

11 ■ 

1 

S 

2 340 

110 

1010 

S2 -i 

1 hr 25 min 

7 

1 " 






1 

1 hr 55 min 

9 

9 

141 

1,5S0 

2S 

950 

24 

25 minutes 

9 

9 
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blood amounting to 3 oi 4 pei cent of the bod} weight has been lemoned 
fuithei obseivation on noimal dogs seems unnecessaiy at the piesent 
time 

The effects of hemoiihage during spinal anesthesia weie deteimmed 
in nine expeiiments The blood piessure and caidiac output before the 
initial bleeding wei e usuall}^ at a lower level than those found in normal 
animals In four of the nine animals, death was pioduced by lemoMiig 
an amount of blood which varied fiom 0 8 to 1 6 pei cent of the bod\ 
weight In at least two of the five lemaining expeiiments the caidiac 
output and blood piessuie were i educed much moie than would hare 
been anticipated had ether anesthesia been employed The lesults ot 
these exjDeiiments aie given in table 2 

COMMENT 

I It has been stated by previous workers that spinal anesthesia causes 
1 a decline in blood pressure unless its administi ation is accompanied hr 
I the giving of a vasoconsti ictoi drug such as- ephedi me oi-epinephrine 
i— Buich and Haiiison - have found that the output of the heart is also 
diminished, but the decline is usually not as relatively gieat as is the 
decline in blood pressure In these experiments different dogs varied 
greatly as to the amount of blood loss which could be tolerated under 
spinal anesthesia Two of the nine animals withstood a loss of blood 
amounting to approximately 3 per cent of the body weight without pro 
ducmg death This difference is probably due to the fact that spinal 
anesthesia causes a gi eater reduction in blood pressui e in some animals 
than in others It has been noted that there is a great individual varia 
tion in the effects of spinal anesthesia on the blood pressure of patients 

Cattell ^ studied the effects of administering ether to dogs which ha 
been bled from 15 to 20 per cent of the estimated blood Amliime an 
found that a decline in blood pressure usuall}'^ resulted It was thougi 
that the decline in blood pressure wms due to a reduction in the 
output In other experiments, Cattell noted that ether adininisteie 
hemorrhage actually increased the blood pressure Blalock oun 
ether increases the output of the heart and causes very little alteratio 
the blood pressure In the piesent experiments, comparison 

2 Burch, J C , and Harnson, T R The Effect of Spinal An 
the Cardiac Output, Arch Surg 21 330 (Aug ) 1930 

3 Cattell, McKeen Studies in Experimental Traumatic Shock ^ 

Action of Ether on the Circulation in Traumatic Shock, Arch nrg 

1923 3 

4 Blalock, Alfred Cardiac Output in the Dog 14 

I The Effect of Ether Anesthesia on the Cardiac Output, re 
(March) 1927 
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effects of hemoiihage dm mg elhei anesthesia with the effects of hemoi- 
ihage without anesthesia shows that theie is very little diffeiencc 
between the two 

Spinal anesthesia is conti amdicated in patients who have losl^a great 
deal of blood oi in patients in whom severe blood loss during the opeia- 
tion IS anticipated This precaution is important if the anesthesia is to 
extend high enough to produce a maiked decline in blood piessuie 
Spinal anesthesia is especially indicated in patients who have diseases 
that aie associated with an unusuallv laige blood volume or in patients 
with a high blood pressure 

SUMMARY 

In dogs, the dangei of eiiculatoiy failuie fiom hemoiihage is gieatei 
undei spinal anesthesia than under ethei anesthesia 



EVIDENCE SHOWN IN ROENTGENOGRAMS OF CHANGtS 
IN THE VASCULAR TREE FOLLOWING EXPERI- 
MENTAL SYMPATHETIC GANGLIONECTOMY * 


BAYARD T HORTON, MD 

AND 

WINCHELL McK CRAIG, MD 

ROCHESTDR, MINN 


The constant changes tliat follow sympathetic ganghonectoni}’ and 
I amisectomy have been attributed clmically to the increased flow of blood 
to the extiemities, as shown by studies with the calorimeter and the 
theimocouple, but these conclusions have been based only on physiologic 
obseivations In order to investigate the possibility of establishing an 
anatomic basis foi the explanation of clinical results m such conditions 
as Raynaud's disease, thrombo-angiitis obliteians and polyarthritis, 
lumbai sympathetic ganghonectomy^ and ramisectomy was performed 
on animals 

Following operation, an opaque medium was injected into the 
aiteiial tree, and the arterial tiee was then studied byjineans of the 
loentgen lay In view of the fact that the animal on which the c\pcn 
ment could be conducted successfully must necessarily be one that 
could withstand an anesthetic and be of sufflcient size to demonstrate 
any gross changes in the cahbei of the vessels, dogs were chosen ” 
order that the conclusions should be absolutely unbiased, one of I'S 
(Craig) performed the operation, lemoving the s) mpathetic gang io»i> 
and seveiing the laini on one side only, this was done on three aiiiina^^. 
then the other investigator (Horton) made the injections 
roentgenogi ams weie made aftei each injection, and the plates ' 
studied As a check on the opeiative proceduie, the luinbai sMiipal 
chain was dissected aftei waid 


EXPERIMENTAL WORK 

On Jan 18, 1929, thiee dogs were opeiated on under 
thesia The surgical proceduie was practically the same on ^ ^ 

The technic of Adson, consisting of the transabdoininal proicd 

lumbai sympathetic ganglions, was used Because the gang . 
to be farther apait in the dog than in man, only two gaiio 
second and third lumbar ganglions and connecting rami, ue 


■■ Submitted for publication, Aug 2, 1929 urolo^ic 

From the Division of Medicine and the Section on 

The lilajo Chnic 
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In the fiist dog, the second and thud lumbar ganglions on the left side 
weie resected, and the lumbar ganglions on the right side were not dis- 
turbed In the second dog, the second and third lumbar ganglions on 
the right side were resected, and the lumbar ganglions on the left side 
weie not disturbed In the third dog, the second and third lumbai 
ganglions on the left side were lesected and the lumbar ganglions on the 
right side were not disturbed The dogs were then allowed to recovei 
and the injections were not earned out immediately, as we wished to 
obseive the time element m connection with these proceduies 

At intervals of twenty-eight, fifty-nine and one hundred and ten days 
after operation, under ether anesthesia the abdomens of the dogs weie 



Fig 1 — A, the second and third lumbar sympathetic ganglions on the left side 
were removed Metallic mercury was injected into the arterial tree, a marked 
difference is shown m the appearance of the two extremities (first dog) B, the 
second and third lumbar sympathetic ganglions on the right side were removed 
Metallic mercury was injected into the arterial tree A slight but definite differ- 
ence in the appearance of the two extremities may be noted (second dog) C, the 
second and third lumbar sympathetic ganglions on the left side were removed 
Metallic mercury was injected into the arterial tree, a marked difference is 
shown in the appearance of the two extremities (third dog) 

Opened and a large-sized vessel was incised, allowing the animal to 
bleed to death Immediately after death, the dogs were placed on the 
roentgen-ray table, and with a cannula in the abdominal aorta at the 
level of the first lumbai \ertebra, metallic mercury was injected Spe- 
cial care was taken to place the animal on the back in a horizontal posi- 
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tjon, with the legs extended so that both knees weie equidistant aboie 
the table This enabled the pressuie of the injection medium to be mam 
tamed at a constant level throughout the entiie proceduie The mei- 
cuiy was allowed to flow into the aoita undei its own weight, and the 
dogs were not disturbed until a senes of stereoscopic plates had been 
exposed aftei vaiying quantities of mercury had been injected Fol- 
lowing the injection, sections of the arteries were taken foi mitro 
scopic study 



Fig 2 — Periarterial sympathetic neurectomy was carrie /jjliiig 

femoral artery, and mercury was injected into the arterial tree 
the arterial tree in both lower extremities is uniform (fourth cOo 


Since there has been some contioversy m the 
the relative efficacy of periarterial sympathetic neurectomj 
sympathetic ganglionectomy and lamisectomy, another ana 
ment was earned out to compare the results ^, 1 ! 

On May 16, 1929, periarterial sympathetic neurectomy 
a dog, and the outer sheath of the left femoral arter) 

5 cm Twenty-two days latei, the dog was killed an me 
into the arterial tree as m the other animals 
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It IS obvious that there is a definite change in the arterial tree in 
the extremity to which the sympathetic innervation had been inter- 
rupted by unilateral lumbai S3mipathetic ganghonectomy and lamisect- 
omy (fig 1) This change was not obseived in unilateral peri- 
arterial sympathectomy, as evidenced b)’’ figure 2 When the pies- 
sure on the injection mass in the third dog in the series was increased 
(fig 1 c), the injected material filled the arterial tree in both lower 
extremities (fig 3) The same lesiilts weie obtained in the fiist and 
second dogs 



Fig 3 — Mercur-\ injected into the arterial tree under 25 mm of pressure 
(.third dog) 


STjjMJl \R\ 

111 dogs, definite evidences of vasodilatation in the arterial tree of 
the hind extiemity were observed following interi uption of sympathetic 
mneriation by lumbar sympathetic ganglionectoiii} and ramisectoni} 
Changes were not obseiied in the aiterial tree following periarterial 
simpathetic neuiectom} These observations are in accord with the 
clinical obseri atioiis in man that have been made at the Mayo Clinic 




FORTY-SECOND REPORT OF PROGPESS 
IN ORTHOPEDIC SURGERY 


PHILIP D WILSON, MD 
LLOYD T BROWN, MD 
M N SMITH-PETERSEN, MD 
JOHN G KUHNS, MD 

\ND 

EDWIN F CAVE, MD 

BOSTON 

RALPH K GHORMLEY, MD 

ROCHESTER, MINN 

MURRAY S DANFORTH, MD 

PROVIDENCE, R I 

GEORGE PERKINS 

LONDON, ENGLAND 

ARTHUR VAN DESSEL, MD 

LOUVAIN, BELGIUM 
AND 

C HERMANN BUCHOLZ, MD 

HALLE, GERMANY 

(Concluded jiom p 554) 


jriSCELLANEOUS 

Chai cot’s Aitlu opatJiy — Wile and Butler®" analyzed 
and physical obseivations in eighty-eight patients affected witi 
arthropathy, and came to the following conclusions 

The gieatest age incidence was between 35 and 55 years ^ 
majoiity of cases the onset was gradual and insidious and 
a period of months or years The occasional sudden pio ^ 

condition was fiequently the result of trauma niore 

preexisting subchmeal piocess The condition occuired tiiee 
frequently m men than in women as compared with tie in 
tabes Polyaiticular involvement was common, no joint 
being immune, but involvement of the knees and ank es o 
more commonl}i than did any othei form Cerebrospma 
present m the majority of cases Its absence, however, ^yi,tn 

indicated that it was not the essential primary etiolo^ic 
piesent, the foim of involvement ivas more common) 

32 Wile, U J, and Butler, M G A Critical Sllr^e^ of Cliarco 
pathy, J A kl A 94 1053 (April 5) 1930 


Artli’’'*' 
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majority of cases the typical syndrome seemed to he an inactive or 
arrested cerebiospinal syphilis, few symptoms referable to the syphilis 
being ordinarily piesent Subclinical insults, such as faulty posture 
and ataxia, played a larger role than did the actual trauma antedating 
the condition The loss of the afferent nerve paths to the joint, render- 
ing it unable to compensate for injm>, seemed to be the ultimate etiologic 
tactoi 

Cystic Bia sal Hyqi omas — Jones made a study of bursal hygromas, 
using the recoids and pathologic observations m fifty-five patients 
treated foi this condition at the Mayo Clinic He concluded that 
tiauma eithei severe or represented b} a mild continued irritation, was 
the chief causal factoi He found no evidence to support the theory of 
infectious origin The liquid contents of the c>sts were partly of 
degenerative and partly of transudative origin 

Studies of the end-results weie made in twenty-seven of the patients 
In none had there been any recurrence following excision, which was 
the treatment advised The author found a stiikmg similarity between 
the bursal hygromas and caipal ganglions in their development 

Joint Complications in Smallpox — Lombard®* related two observa- 
tions of joint sequelae in smallpox, the process in each case taking the 
form of osteo-arthntis The first patient was a boy, aged 4 years, in 
whom during an illness with smallpox, swelling of the elbows developed 
later followed by suppuration and complete bilateial ank\losis The 
second patient presented multiple osteo-articular lesions consecutive to 
smallpox at the age of 2 yeais The hand was deviated to the ladial 
side as a result of destruction of the epiphyseal cartilage of the radius, 
and in addition there were lesions of the femoral condvles and of the 
lower end of the tibia The infection had a tendency to localize in 
the juxta-epiphvseal regions and apparently had a great affinity for the 
radius 

Piinnuy Bone Infection of Mycotic Oiigin — Three instances of 
piimarv mycotic infection of the bones weie reported b) Meyer One 
patient was a boy aged 12 with symmetrical foci in both os calces, the 
second was a vouth, aged 19, with a lesion in the outer side of the os 
calcis In both cases the organism was Hcnnspoia The third patient 
was a 3outh, aged 16, with a lesion in the upper end of the tibia caused 
b\ actinoni} cosis In all the patients the first diagnosis had been tuber- 
culosis, and general antituberculous treatment had been instituted with- 
out success Local and general treatment with iodine seemed to hare 
given good results 

33 Jones H T T Bone & Joint Surg 12 46 1930 

34 Lombard P Re\ dorthop 16 490, 1929 

35 :Meier, Re\ dorthop 16 624 1929 
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[Ed Note — Othei authors have diawn attention to mycotic infec- 
tion of bone, and it is evidently a condition to be boine in mind ^\llen 
puzzling lesions are encountered in the bones ] 

Study of Joint Fluids — Kling made a series of studies of joint 
fluids and repoi ted the results m sepai ate papers 

One investigation dealt with the cytology of the fluid in traumatic 
effusion of the knee J3y this means, Kling felt that he had been able to 
establish fairly conclusive!}'- the differential diagnosis between slight 
injuries to the joint without tear of important ligaments, more severe 
mj lines with tearing of the semilunar cartilages or crucial ligaments 
and mtra-articulai fiactuie The finding of erythroblasts and myelo 
cytes, both products of bone-man ow, pointed to an intra-articular frac 
tuie This diagnostic indication was verified in some instances when 
the roentgenogiams weie negative When there were only ligamentous 
teais, fat, blood coipuscles and seium were present in the fluid, while 
with less seveie mjunes, such as bupsitis and synovitis, only blood cor 
puscles and serum were found 

In another investigation Kling applied the icterus index test of 
van den Bergh to effusions of the joint The local formation of 
bilirubin raised the icterus index in tiaumatic hemorrhagic effusions 
above the level of the blood serum, while in inflammatory effusions the 
icteiic index of the joint fluid was equal to or below the blood serum 
In fractures of the joint the icteius index was unusually high 
author believed that this test, which is simple, might be helpful in the 
diagnosis of diseases of the joints 

In a thud investigation, Kling made a comparative study of t'<^ 
Wassermann reaction of the blood and the joint fluids in thirty 
patients He found that the Wassermann test gave identical resu ts ni 
both the blood and the joint fluids, the joint effusions being chie ) 
traumatic origin The technic of the Wassermann reaction v as 
same in the joint fluids as m the blood, and he felt that both 
and therapeutic considerations urged the application of the test 
joint fluid m every instance .. ■. 

The Histologic Study of Nojinal and Diseased Bone No 
described a microtome knife that he had devised, made rorn ^ 
of tungsten carbide and cobalt called “widia ” With this ^ 
able to cut sections varying from 6 to 12 microns m thickness 

36 Kling, D H Am J Surg 7 824, 1929 

37 Kling, D H Bilirubm in Effusions of Joints, Arch u g 
1930 

38 Khng, D H Am J Syph 13 S96, 1929 ^ 

39 Morrell, A H Untreated Human Bone Sectioned vit 
Arch Path 8 816 (Nov) 1929 
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immediately aftei its lemoval dming an operation and without any 
preliminary treatment He believed that by the use of this knife the 
microscopic study and microchemical analysis of bone could be 
approached in a manner heretofore impossible and with gieatly increased 
possibilities of success 

JafEe^° described methods of piepaiing bone for histologic study 
for eveiy purpose, that were tiied piocedures The choice of the method 
depended on the puipose of the examination Unfoitunately, theie 
was no method of decalcifying bone that did not injure to a certain 
extent the cellular elements, the most essential part from the standpoint 
of a diagnosis When decalcification was necessary, rapid treatment 
with nitiic acid though not entiiely satisfactoiy was the best pioceduie 

[Ed Note — ^Jaffe’s papei is of considerable value to orthopedic 
suigeons m helping to solve the troublesome technical problems that are 
always encountered when peisons unfamihai with bone sections are 
attempting to prepaie them for histologic study It is to be hoped that 
Moirell’s new microtome knife will aftord the means of avoiding cellular 
damage caused by decalcification, in which case it will lepiesent a real 
step in progress ] 

Musculai Atiophy Follotvtng the Use of Appmafns — Basing his 
conclusions on the results of examination of children with congenital 
dislocations of the hip who had had their luxations reduced three years 
previously, Gaugele^^ pointed out that the criticism of the use of 
apparatus because it caused muscular atrophy was not substantiated by 
fact Children who had been cuied of congenital dislocations showed 
normal musculai development in spite of the fact that they had worn 
plastei splints and other appaiatus for many months On the other 
hand, children with untreated dislocations showed muscular atrophy of 
vaiying degrees His experience in the treatment m scoliosis had con- 
vinced him that the wearing of suppoi ts prevented the severe progressive 
atrophy that was otherwise found in this condition He had never 
seen evidence of damage to the internal organs from corsets or braces , 
on the contrary, their use often resulted in improved function 

Theiapeutic Pools — Lowman expressed his belief that there was 
as much possibility for rariation in exercises in an underwater gym- 
nasium as in a regular gymnasium, with the added advantage that m 
the water the patient could be allowed to move in all planes whereas in 
the gvmnasium, with the subject in the lying position, movements were 

40 Jaffe, H L Methods of Histologic Study of Normal and Diseased Bone, 
Arch Path 8 817 (Nov) 1929 

41 Gaugele, K Ztschr f orthop Chir 51 74, 1929 

42 Low man, C L Phjsicial Equipment of Therapeutic Pools, J A A 
94 845 (March 22) 1930 
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lestiicted to ceitain planes The successful use, howevei, of ^a^ous 
types of apparatus depended on the lesoiucefulness of the technician 
and her knowledge of kinesiology, especially of pathologic or abnormal 
kinesiology as it existed in paralytic patients of those in whom joint 
plaster suigeiy oi tendon transplantation has been done The surgeon’s 
undei standing of how and when to piesciibe the different types of Mork 
IS also essential foi the successful treatment in any case 

Ope7atwns on ike Bones, Joints and Tendons, Anesthesia— In 
interesting and instructive article Koster and Kasinan discussed spinal 
anesthesia in the light of their experience with complete body anesthesia 
in 750 opeiative cases They consideied it perhaps the safest method 
of anesthesia and advocated its use not only in opeiations on the 
abdomen and lower extremities but also in operations on the chest, neck, 
head and uppei extiemities They had no fear of respiratory embarrass 
ment, and they had demonstrated in fiogs and cats that application of 
the anesthetic diiectly to the medulla had no effect on lespiration Thev 
had never seen any adveise effect on the lespiratoiy apparatus of man 
when anesthesia of the head and neck was obtained They considered 
that the specific gravity of the injected solution had no effect in con 
ti oiling the extent of diffusion of the diug They insisted, however, 
that the degree of anesthesia depended directly on the amount of spinal 
fluid withdiawn before injection of the anesthetic, because the greater 
the amount of cerebrospinal fluid withdrawn, the greater would be the 
diffusion and therefore the higher the level of anesthesia Decreases in 
blood pressui e did not alarm them and they belittled the value of vaso 
motor stimulants There were rarely serious complication'^ from the use 
of spinal anesthesia, the chief ones being headache, diploma, temporan 
paiesthesia and unnaiy retention 

The greatest precaution taken by the authors wms m the estimatioi 
of the proper dose of the diug The details of this estimate were^'^j 
and the amount injected varied in proportion to the size and the a^c 
the patient , 

Francillon lecommended the use of local anesthesia in 
operations He expi essed his belief that it possessed man) a ' 
over general anesthesia He had found the active muscular hep 
patient of great importance in the transplantation of ten 
in certain operations on the foot He considered ^^liidi 

dangerous than general anesthesia In operations on tie 
necessitated the pi one position of the patient, local oi 

especially advantageous as the difficulties and dangers m 
general anesthesia in this position weie much increased 

43 Koster, H , and Kasman, L P Surg Gynec Obst 

44 Francillon, M R Ztschr f orthop Clnr 53 60, 1930 



WILSON ET AL— PROGRESS IN ORTHOPEDIC SURGERY 707 


Aitluodesis of the Shotildei — A technic for aithrodesis of the 
shoulder with the aid of osteoperiosteal giafts was described by Key ^ 
He had used it for tuberculosis and paialysis of the deltoid He exposed 
the shoulder through the saber-cut incision, dividing the aciomio- 
clavicular joint and retracting the tip of the acromion with the attached 
deltoid outward As complete synovectomy as possible was performed 
The glenoid and the head of the humerus were denuded of cartilage, as 
was the under surface of the tip of the acromion Two inch (5 cm ) 
osteoperiosteal grafts, which had previously been removed fiom the 
tibial surface, were then inserted subperiosteally between the glenoid 
and the head of the humerus The arm was placed in 90 degrees of 
abduction and in about 25 degrees of anterior flexion In tuberculous 
joints a nail was driven in through a stab incision, 3 inches (7 5 cm ) 
below the head of the humerus, directly through the head into the 
glenoid A plaster casing made the day befoie operation was then 
applied, the arm being held in the desired position 

Stabilisation of the Thumb — Fitch'*® leported a method of artho- 
desis of the first carpometacarpal articulation foi paralysis ot the 
opponens pollicis The proximal end of the first metacarpal bone was 
first dislocated posteiiorly This pioduced a more advantageous func- 
tional position than when arthrodesis of the first metacarpal bone was 
made m normal relation to the greater multiangular bone (tiapezium) 

Combined Inti a-Ai ticidai and E.\tia-Aiticidai Fusion of the Tiibei- 
cidous Hip — Eikenbary and Le Cocq devised a special technic for 
arthrodesis of the hip by a combined mtra-articulai and extia-articular 
method A massive slab graft obtained from the ilium was fixed below 
in a split in the trochanter , above, it was in contact with the ilium, being 
anchored m place by a wire passed through tlie ilium from within the 
pelvis They reported twenty-one cases in which the method had been 
employed with complete ankylosis of the hip and arrest of the disease 
in fiom six to twelve months postoperatively Thej felt that extra- 
articulai fusion alone was inadequate, as much tuberculous material 
was left in the joint which rendered the cine difficult They did not 
consider draining sinuses a contraindication to operation 

[Ed Note — Eikenbary and Le Cocq’s method of fusion seems 
sound and the results m a small numbei of cases are impressive ] 

Galland advocated the bifurcation operation of Lorenz in selected 
cases of traumatic, pathologic or congenital dislocations of the hip, in 
nonunited fractures of the neck ot the femur and in inflammatory 

45 Ke^ J A. Surg Gvnec Obst 50 468, 1930 

46 ntch, R R J Bone & Joint Surg 12 190, 1930 

47 Elke^b 1 r^ C F , and Le Cocq, J F Northwest Ned 29 23, 1930 

48 Galland, \V I Surg Gjnec Obst 50 90 1930 
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piocesses involving the hip joint, such as aithiitis defoimans, tuber- 
culosis oi Chai cot’s disease The advantages of the opeiation, accord 
ing to Galland, weie It ielieA'’ed pain, a good functional and cosmetic 
lesult could usuall}^ be obtained, the opeiation was i datively simple 
(although It had to be peifoimed with the utmost caie) and the 
peiiod of lecumbency aftei opeiation was shoit The dangers vere 
injuiy to the femoial vessels by the distal fragment and nonunion The 
authoi leported results in ten patients on whom the opeiation had been 
perfoiined 

Reviewing the results of 103 opeiations on the hip joint that he 
had perfoimed in the last twenty veais, Ashhurst'*® stated that in Ins 
opinion the indications foi tjpical aithioplasty had almost disappeared 
in the better development of the leconstiuction operations of ’Whitman 
and Gill He considered capsuloiihaphy a useful operation in paralytic 
dislocations of the hip He had found reconsti uction operations superior 
to bone pegging in fractures of the neck of the femui Excision of the 
uppei portion of the femur was indicated only as a life-saving measure, 
and in this case the authoi preferred Lambotte’s incision He found 
that the Smith-Petersen incision gave the best exposure for open lediic- 
tion of the hip Reconsti uction opeiations had the widest field ot 
usefulness in hip disabilities resulting fioin tuberculosis pathologic dis 
locations, nonunion and chronic aithritis 

[Ed Note — Many oithopedic suigeons will question Ashhiirsts 
statement as to the value of the i econstruction opeiation in tuberculosis 
of the hip ] 

OsteocJwndiihs Dissecans of the Ankle Joint — Laewen''” discussed 
osteochondritis of the ankle joint which he had encouiiteied m foiT 
patients and operated on with good result He considered that sponta 
neous cure might lesuIt either b) actual lestoiation of the affected area 
or by complete disintegration of the neciotic piece of bone, n 
thought that this was a rare occur lence 


Taisal Antoti ansplants — Cuicio”’^ lepoited two tarsal 
plants for the correction of severe deformities of the feet 
formed a transverse section and in one instance removed tie 
with a skin flap and inserted the bone and skin flap on the 
of the foot in the space that was caused by coirection of 
In another instance the tiansplant consisted of the scaphoi ai^ 
lying skin , he insei ted this in the wedge-shaped opening on 
side of the foot made by collecting a valgus deformity 

A i Stir? 20 

49 Ashhurst, A P C Operative Surgery of Hip Joint, 

(Jan) 1930 

50 Laewen, A Zentralbl f Chir 56 2498, 1929 
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[Ed Note — Curcio s autotransplantation of a poition of the tarsus 
^^lth the overlying skin is of little practical value but it is interesting as 
It adds to the orthopedic surgeons armamentarium for dealing with 
unusual conditions ] 

Hallux Valgus — ^Brandes related his experiences with the opera- 
tion for resection of the proximal two thirds of the first phalanx of the 
great toe for hallux valgus He had performed this operation m more 
than 100 patients with good anatomic and functional results He did 
not disturb any of the other structuies of the foot except to remore 
with a chisel the prominent portion of the inner side of the head of the 
fiist metatarsal bone After closure of the wound, he placed the toe 
in slight plantar flexion to avoid infolding and necrosis of the skin He 
applied a plaster of pans foot plate, fixing the foot in slight plantar 
flexion and adduction At the end of two weeks, he permitted the 
patient to walk with a metatarsal strapping 

[Fd Note — The operation described b}^ Brandes is the same as 
that devised by Kellei in America manj- years ago except that it removes 
more of the proximal phalanx of the gieat toe than we would consider 
necessary ] 

FRACTURES 

Occupational Thciapy — Miss Taylor discussed the value of 
occupational therapy m industrial injuiies, and stated her opinion that 
a combination of physical therap) and occupational therapy achieved the 
greatest success in the treatment fox industrial injuries as measured by 
the shoitening of the period of disabilit}' The occupational therapy 
ought to be carefully planned for the type of injurj and the psychologic 
1501 lit of view of the patient The injuries most commonly requiring 
tieatment were those of the hand With most of the conditions the 
gieatest gain could be obtained it the treatment was begun in the first 
three weeks The commonest disability was flexion, and the greatest 
danger was that of over-fatigue from too continuous contraction of 
muscles 

Fiactuic of the Capitclhnn of the Hume) us — In a report of three 
cases of fracture of the capitellum of the humerus, Ciaccia emphasired 
the fact that this was a rare injur}, only a few cases having been 
described in the liteiatiire He had recognized two tvpes one in which 
there was displacement of the cartilage of the capitellum with a small 
section of the bone and one in which the fragment consisted of the 
capitellum and the outei hp of the trochlea The treatment suggested 
was removal of the fragment wdiich according to the author, resulted in 

52 Branded M Zentralbl f Our 56 2434, 1920 

53 Tailor, Occup Therapi 8 335 1929’ 
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complete or neaily complete lestoiation of function Lateial as welhb 
anteroposterior i oentgenograms were essential foi studying the 
condition 

C ompt esston Fiacttucs of the Veitehiae — Rogeis devised a frame 
foi the correction of compression fracture of the vertebiae It was 
essentially a Bradford frame, with flexible side pieces and a cross-bar 
capable of being elevated, which could be moved to any point iinJcr 
the frame The patient lay in the dorsal decubitus on the tight cam as 
cover and the spine was giadually hyperextended by cranking up the 
cross-piece, the coriection of the fracture was gained by means of the 
action of giavity on the spine above and below Maximum collection 
was usually obtained in about ten days The patient could then be placed 
on a hyperextended Bradfoid fiame where the coriection was mam 
tamed for an additional eight weeks This was followed by the use ot 
an ambulatory plaster jacket foi seveial months 

Dunlop and Parker ““ i eported that they had con ected the deforrait) 
of vertebral compression fractures by a method of forcible hyperex 
tension and that by this means they had obtained lestoration ot the 
normal form of the veitebrae in twenty-one patients The patient vas 
anesthetized and placed m the supine position, and folded sheets verc 
passed across undei the injuied segment Holding the ends of the 
sheets, the operator and his assistant suddenly made these taut, tossmg 
the patient upward, at the same time, traction and counterti action 
made by two peisons pulling on the opposite ends of the patients hoc) 
Following the reduction, care wms taken to keep the body m a 
of hypei extension, and a plaster jacket was applied with the ai o 
Goldthwait’s frame 

Hempel believed that he had found a way to avoid the 
forcible methods and at the same time to secure complete anatonnc^^ 
functional restoration of the spinal column He placed the patien^ 
haid, smooth mattress, at first in the supine position, but ^ 
days, m the pi one position so that he could prop himself on us 
Boards were placed under the mattress to prevent sagging 
the pain caused by the fractuie had diminished, the muscles 
were massaged and aftei seven weeks the patient was pe 
crawl on all fours as a regular exercise Having jo 'it 

this exercise, the patient was next peimitted to stand an 

[Ed Note— W ithin the last two )eais great 
made m the treatment for compression fiactuies of tie sp 

55 Rogers, W A Surg Gj’nec Obst 50 lOl, IWd fracW'*- ' 

56 Dunlop, J , and Parker, C H , Correction of owp 
the Vertebrae, J A M A 94 89 (Jan 11) 19^0 

57 Hempel, C Deutsche Ztscbr f Chir 223 79, 1 
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tion of defoimity is henceforth to be sought in this instance just as in 
othei fiactures Seveial methods of reduction have been devised, 
beginning with the method of forcible i eduction of Davis Without 
personal expeiience of either the methods of Davis or those of Dunham 
and Parker, we would prefer the foimei to the lattei as attended b) 
less risk Rogeis’ method of gradual hyperextension is the safest of 
all these methods as it entirelj avoids the use of force We have watched 
this method in use and can speak for its effectiveness Whether the 
1 eduction accomplished by it is as complete as that obtained by the 
forcible methods will be decided in time Hempel’s method does not 
appeal to us to be effective, nor is it logical to trust only to the muscles 
instead ot to appaiatus for protection There is reason to hope that by 
the correction of deformity and by thoiough and piolonged splinting 
to pievent lecuirence of the defoimity, the serious disabling effects of 
fractuies of the veitebiae may be gieatly diminished ] 

Fiactwes of the Ttansveise Processes — A study was made by 
Quamtance of nonunion and disability in thirty-thiee patients wuth 
fiactuies of the transverse processes In 85 per cent of the patients the 
fracture involved the second, third and fourth transverse processes 
More than 50 per cent of the fiactures were produced with the body in 
a position of acute flexion Of a total of seventy-five fractures non- 
union occuied in 14, oi in IS pei cent In eveiy instance of nonunion 
iheie had been wide separation of the fiagments None of the patients 
was permanently disabled, even wuth associated injuiies of the pelvic 
bones, vertebiae and ribs which occuried in nine patients The longest 
peiiod of disability was seven months Resection of the fractured 
tiansverse piocess was not necessary in any instance 

Fiactuics of the Pelvis — Noland and ConwelD® reported the treat- 
ment and results in a group of 125 patients with fractures of the pelvis 
Only 39 of the patients had a single fracture of the pelvis The 
tiactures Aveie divided into 3 groups (1) single fractures in wdiich 
tne continuity of the weight-bearing iing w^as preseived, (2) multiple 
iiactures in which it w'as necessaiy to rehere the bones of w'eight until 
the tiacture was consolidated, and (3) the double vertical fracture 
(klalgaignes fracture) usually accompanied bv extensive dislocation of 
tlie w’hole pehis The anterior iing fractures and marginal fractures 
gave the best results Fractures of the acetabulum yielded fair results, 
but in the fiactures involving the posterioi ring about the sacro-ihac 
joint the poorest lesults w^ere obtained, disability langing from 25 per 

^8 Quaimance, P \ Fracture of the Lumbar Processes of the Transierse 
\ ertebrae trcli Surg 10 968 (Dec ) 1930 

59 Noland, L and Conwell H E Acute Fractures of the Pehis T \ 
M ^ 94 174 (Jan 18) 1930 
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cent to almost peimanent total disability When dischaiged, only about 
60 per cent of the patients had Avhat was called good anatomic position 
but the authors were sure from their observations that excellent func- 
tional lesLilts were frequently obtained m cases in which good anatomic 
position was by no means secured Open i eduction for correction ot 
displacement of bony fragments was done m only two instances, and 
then only to relieve pressure of the displaced fiagments on the rectum 
and bladder The authors wei e of the opinion that what appeared to 
be a pool position of the fiagments was by no means a constant cause 
of persistent pain and disability The aveiage number of days lost 
from work m both industrial and civilian cases was 175 It uas 
noticeable that the majority of civilian patients leturned to their work 
much earlier than did the mdustiial patients 


Fnictwes of the Neck of the Fcmw — Hej'^-Groves reviewed the 
results in 24 of his own cases and m 116 other cases of fiactuies of 
the neck of the femur reported from three large English hospitals In 
the lattei group he found nonunion in 23 per cent and poor or bad 
results m 53 3 per cent of cases He concluded that patients ivitli basal 
fractures might be treated successfully either by traction or by the 
Whitman abduction method, traction probably being better as it per- 
mitted earlier motion of the hip In true mtrascapulai fractures treat- 
ment involved a choice between the Whitman abduction method and the 


pegging operation For young and vigorous persons, the author pre 
f erred pegging, i e, the insertion of a beef bone peg in a hole bored 
through the proximal fragment into the trochanter In other patients 
m whom the Whitman method was used, pegging could be resorted to i 
roentgenograms showed nonunion at the end of three months hen 
operation revealed that the proximal fragment had lost its cartilage an 
that the bone was soft and friable, it was much better to remove tie 


head and perform a reconstruction operation 

Albee wrote enthusiastically of the results of treatment for no^^ 
united fractures of the neck of the femui by the operative 
autogenous bone pegs Thirty-six patients had been treated 
manner For the treatment m fresh fractures of the neck of the e 
he did not believe that the Whitman procedure could be 
in cases of delayed union or nonunion, howev'^er, he pieferre 
peg operation or reconstruction proceduie In the bone peg , 
he used two incisions The peg was made from a tibial giaft an 
111 through a dull hole made from a point just below 
trochantei through the neck into the femoral head He state 
90 per cent of the patients so treated had obtained union 


60 Hey-Groves, E W J Bone & Joint Surg 12 1, 1930 
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opposed to the use of nails or other matenal foi the fixation of the 
tiaginents The choice between the bone peg operation and the recon- 
struction opeiation depended on the coopeiation of the patient, the 
duiation of the fracture and the condition of the fiagments at the time 
of operation Often the decision could not be made until operation 
when the fragments were actually exposed 

Fiactines of the Bodies of the Foot OtJici Than the Os Calcis — In 
considering fractuies of the bones of the foot othei than the os calcis 
Brown and Brown made the following gioupmg in i elation to their 
importance to function (1) fractures of the astragalus, (2) fractures 
of the innei tarsals which, with the first, second and thud metatarsals 
constituted the longitudinal arch, (3) fractures of the fourth metataisal, 
(4) fractures of the fifth metatarsal and (5) fiactuies of the phalanges 
and sesamoids 

In a gioup of foity-six fiactures of bones of the foot excluding the 
os calcis there were twenty-eight single and eighteen multiple fractures 
The incidence was about the same foi fractures of the metataisals 
except for the fourth metatarsal which was smallest There was one 
fiactuie of the astragalus, one of the cuneiform and two of the sesa- 
molds The average loss of time for a fiacture of the metatarsal was 
foity-six da^s and for a fiacture of the phalanx thirty -three days 

DISLOCATIONS 

Dislocation of the Ccivical Veitebiae — Fioni an experience nith 
seventeen bilateial cervical dislocations and thirteen undateial disloca- 
tions Langworthy believed that i eduction by the method of Walton 
should be tried in all cases piovided that the roentgenograms showed 
no evidence of fractuie or disease To be sure of pi eventing redisloca- 
tion, which may occur as late as ten days after reduction, a plaster 
casing should be applied 

All the patients with unilateral dislocations show ed complete recovery 
from symptoms Five of the patients rvith bilateral dislocations died, 
and five of eight patients showed seiious mjur} to the spinal cord 

Old Dislocations of the Shouldci — Key presented the histones of 
tw'o cases of old dislocation of the shoulder, both of the subcoracoid 
type He stated as a general rule that dislocations of eight weeks’ dura- 
tion or less could be reduced by manipulation while dislocations of 
twelve weeks’ duration or more required open operation In manipula- 

62 Brown W L and Brown C P Fractures of tlic Bones of the Foot 
Other Than the Os Calcis J A M 4. 94 461 (Feb 15) 1930 
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Itself excised If theie is any doubt as to the usefulness of the artery 
eithei as a main blood carriei oi as the seat of collateial vessels, this 
pioceduie should be condemned 

The eftect of the lemoval of the sympathetic supply to veins is an 
open question In weighing the results of the opeiation described, judg- 
ment must be leseived as to the possible influence here 

One must not expect the removal of the penvasculai sympathetics 
b} arteriectomy to have a more permanent effect than lesults from 
lemoval by stiipping At the most, the effect may last from four to six 
weeks In case 4 of the present senes the time limit of the effect was 
well demonstrated If by the operation sufficient hyperemia of the 
collaterals can be obtained to cairy an extremity over the critical period 
of acute ischemia, much may be accomplished In an occasional case 
this may mean ultimate salvation of the limb Arteriectomy in cases of 
complete aiteiial occlusion is probably pieferable to perivascular sympa- 
thectomy, because the removal of the fibers is more certain, more 
complete and much less difficult 

A furthei development of the idea of encouraging collateral circula- 
tion by opeiation on the sympathetic must be mentioned If favorable 
effect can be shown by perivascular sympathectomy, it is logical to 
suggest that the more positive, permanent and rational operation of 
sMupathetic ganglionectom} may have a place If, foi instance, one 
could dimmish by lumbar sympathetic ganglionectomy the incidence of 
gangrene following acute division of the popliteal artery, a real addition 
would be made to one’s resources Experimental work now being 
earned on in my laboratory is directed towaid the clarifying of this 
point 

Theie is a possibility that the ideas heie expressed may help to clear 
up ceitain confused issues relating to this subject If m every published 
leport of ligation of a major vessel a detailed description of the opeia- 
tion cceie included, the confusion might m part disaj 5 pear It becomes 
essential to know in evei}'^ such instance cvhethei the ligation is accom- 
panied b}’^ division or by excision of the artery, or by neither Let me 
make a plea, pai entheticallyq foi such information 

In conclusion I must emphasize that I have presented no indis- 
jiutable evidence that aiterial excision improves collateial circulation b} 
s\ mpathectom\ I have presented suggestive evidence with the leason- 
ing based theieon 

I urge only that in any' instance of arterial occlusion in which exci- 
sion IS possible and apparently harmless it be done with the intent to 
obsene the results Theieby the knowledge of these obscure phenomena 
mai be increased I suggest that thereby good results also may come 
to the indnidual patient 



SPLENECTOMY IN GAUCHER S DISEASE >" 

MAURICE B BONTA, MD 

ROCHESTER, MIXIC 

The literature on Gaucher’s disease, b} reason of its comparatne 
paucity, has been kept well abieast of the time It seems unnecessai} to 
recoid a leview of it 

At the Mayo Clinic, in 530 cases in uhich splenectoni} was per- 
formed during the period of seventeen reais, 1913 to 1929, mclusne, 
Gaucher s disease was encounteied four times In this article I shall 
not enter into a discussion of the theories adianced as to the etiologi 
and pathology of the disease Records of cases are gnen m detail as 
far as possible I hare been particularly interested in the lalue of 
splenectomy m this group, and there would seem to be a well grounded 
impression that in patients who have reached matiint} remoial of the 
spleen has a definitely beneficial eftect 

REPORT OF CASES 

Case 1 — \ voman, aged 30, came for examination on Jan 26 1520 She had 
married at the age of 17, and was the mother of eight children all Ining and 
well Her menses ivere regular, and she had had no miscarriages Her chief 
complaint was a floating left kidnej, w'hich had been discoitred seien sears pre- 
viously For tw'o jears she had noted ready exhaustion and some dsspnea on 
exertion There had been no edema of the extremities, no abdominal pain or 
discomfort and no urinarj sjmptoms 

General examination disclosed a large mass filling the left upper abdominal 
quadrant It had a sharp median edge suggestne of a greatls enlarged spleen 
The thorax wms negative to general and roentgenologic examinations Nothing 
significant w^as noted in roentgenograms of the urinars tract Results of urin- 
ahsis and of the Wassermann reaction of the blood were negatue Renal func- 
tion w'as satisfactors Examination of the blood was made on Januarj 27 

The concentration of hemoglobin (Dare) was 80 per cent, er\ throes tes num- 
bered 4,760,000 and leukocjtes 4,600 in each cubic millimeter of blood Results 
of a differential count of 200 leukocstes were as follows polsmorphonuclear 
neutrophils, 78 5 per cent, Ijmphocstes, 20 5 per cent, and eosinophils, 1 per cent 
The bleeding time svas tsso and a half minutes and the coagulation time was 
four minutes Fragilitj of erj throes tes ssas normal A pselogram of the left 
kidnej disclosed some dossnssard displacement and rotation of the renal pels is 
with acute angulation of the ureter at the ureteropels ic juncture A tentatise 
diagnosis of a large cj'st in the upper pole of the left kidnes or ot an extrarenal 
tumor ss as made 

Exploration through an anterior abdominal incision ssas adsised Operation 
on Februars 25 resealed a splenic tumor surrounded bs dense adhesions It ss is 


* Submitted for publication, Feb 27, 1930 
From the Disision of Medicine, the Maso Clinic 
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remo\ed wjth some difficulty and with slight loss o£ blood The left kidnej was 
found to be displaced below the spleen, was movable, but not sufficiently diseased 
to warrant removal The gallbladder, stomach and appendix were normal The 
weight of the spleen was 1,450 Gm The pathologic diagnosis was Gaucher’s 
disease (fig 1) 

The patient made an uneventful convalescence and was dismissed from the 
hospital on the tw'elfth postoperative day Examination of the blood on March 
16 disclosed a concentration of hemoglobin (Dare) of 61 per cent Erythrocytes 
numbered 3,620,000 and leukocytes 7,800 in each cubic millimeter of blood A 
differential count of 200 leukocytes gave the following result polymorphonuclear 
neutrophils, 59 per cent, lymphocytes, 37 per cent, eosinophils, 1 per cent, and 
basophils, 3 per cent 



Fig 1 (case 1) — Characteristic Gaucher’s cells m spleen, X 250 


The patient’s familj physician, under date of Dec 18, 1929, wrote She has 
been m the best of health since her operation Has gained greatly m flesh, has 
been doing most of the work m a large family, and seemingly is good for a long 
life I have confined her three times since her operation and she has done finelv 
These three children are healthy and strong, the last one being three months o 
age ’ 


C \SE 2 — An unmarried wmman, aged 36, came for examination on account o 
female” trouble on klay 15, 1923 She had twm brothers and five sisters, a 
In ing and w ell She had had pneumonia in infancy' Menstruation had begun 

v\hen she was 13 a ears of age and had been regular until tw'o years before sie 
came to the clinic, when her periods had stopped abruptly' About the same time 
during an attack of dengue her physician had discovered that she had an ab om 
inal tumor which had been thought to be an ovarian cvst or uterine fibroma 
stated that there had been some enlargement of the liver as far back as she cou 
remember Jaundice had ncAer been noticed except during the attack of dengue 
No liistorr of abdominal pain or of loss of weight was elicited 



BOX rA—SPLEXECTOm 


853 


General examination repealed irregular enlargement of the abdomen The 
sharp edge ot a smooth Iner could be telt reaching 17 cm below the right costal 
margin, m the paramammary line At this lei el, and occupiing the central zone 
of the lower half of the abdomen was a mass about 15 cm m diameter with an 
upper edge suggesting that of a greath enlarged spleen This mass could be 
palpated by laginal examination in the anterior and lett lateral culdesacs 

Xotliing significant was found in the thorax on either general or roentgeno- 
logic examination Roentgenograms of the urinary tract ga\e negatne results 
In the urine liea\y traces ot albumin a tew hi aline casts and erythrocytes and 
pus cells in small numbers were found Renal lunction and blood urea were within 
normal limits The Wassermann reaction of the blood was negatne There were 
no pathologic changes in the eiegrounds The blood picture was determined on 



Fig 2 (case 2) — Characteristic Gaud er s cells in spleen X 250 

Ma\ 16 The concentration of hemoglobin was SO per cent the number of 
enthrocites was 4460000 leukocites 4 800 and platelets 112 000 in each cubic 
millimeter of blood A differential count ot 200 leukoc\tes disclosed the follow- 
ing lymphocytes, 25 5 per cent large mononuclears 2 per cent transitionals 2 
per cent neutrophils 69 5 per cent eosinophils 0 5 per cent and basophils 0 5 
per cent The coagulation time was eight minutes and the bleeding time one and 
a halt minutes A diagnosis was made of a lower abdominal or pehic tumor 
associated with a greath enlarged Iner and exploration was admed 

Operation was done on '\Ia\ 22 1923 The lower abdominal tumor proicd to 
lie splenic it la\ in the peKis b\ reason ot a long pedicle Remoial was accom- 
plished without difhculti or hemorrhage The Iner was enlarged hard and fria- 
ble The uterus w as atrophic The pathologic diagnosis w as Gaucher s di'case 
The spleen weighed 2 800 Gm (fig 2) 

The patient made an uneienttul convalescence and was dismissed from tne 
hospital on the sixteenth dav follow ing operation Under date ot August 15 1925 
'"he wrote M\ color is good and m\ general health has been excellem Have 
been gaining weight rapidh Alv iner is still verv large Have not had to c >n- 
siilt a pin siciaii since mv operation more than two vears agi> The la^t report 
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concerning the patient was from a friend, who stated that she had died very sud- 
denh on May 24, 1929 The cause of death was given as cerebral hemorrhage 
Case 3 — A woman, aged 26, of Jewish extraction," wdro had no brothers or 
sisters, presented herself for examination on Sept 7, 1927 She had married at 
19 jears of age, but never had been pregnant She had scarlet fever in childhood 
Menstruation had begun at the age of 13 years and had been somewhat irregular 
but without excessne flow When she was 7 years of age her family physician 
had discovered, in a routine examination, that her spleen was enlarged In spite 
of fairly marked anemia she had taken part in the oidinary pleasures and out- 
door sports of youth She ahvajs had been more easily exhausted than her 
companions At the age of 9 years, she had been seen by a leading internist, who 
had made a diagnosis of Banti’s disease, and he had advised splenectomv Owing 
to the high risk given, surgical treatment had not been accepted, but several treat- 
ments with roentgen rays applied over the enlaiged spleen had been tried One 
y ear before she came to the clinic she had undergone tonsillectomy, and the opera- 
tion had been followed by local hemorrhages A month before she was seen at 
the clinic, she had a tooth extracted, and profuse gingival bleeding had persisted 
for two days For the year prior to her registration at the clinic the patient had 
noticed rapid enlargement of the already large spleen Sufficient food could not 
be taken at a meal without much distress afterward 

On examination, the patient was found to be somewhat anemic and in a fair 
state of nutrition Pingueculae on the nasal side of each cornea were noted The 
thorax was normal except for diminished breath sounds The abdomen was 
greath enlarged by a splenic mass which extended into the pelvis The liver w'as 
moderately enlarged No superficial lymph nodes of significant sire were found 
Traces of albumin were found in the urine The Wassermann reaction of the 
blood was negatne A roentgenogram of the thorax disclosed localized e\idence 
ot bronchiectasis in the lower lobe of the right lung Complete examination of 
the blood w'as made on September 7 The concentration of hemoglobin was 51 
per cent Erythrocytes numbered 3,570,000, leukocytes 5,200, and platelets 86,000 
in each cubic millimeter of blood A differential count of 200 leukocytes disclosed 
the follow’ing lymphocytes, 20 per cent, large mononuclears, 2 per cent, traiisi- 
tionals, 0 5 per cent , neutrophils, 76 5 per cent , eosinophils, 1 per cent, and reticu- 
locytes, 3 5 per cent The coagulation time was eleven and a half minutes (Lee 
method), and the bleeding time five minutes Prothrombin time w^as prolonged 
m all tubes Fragility^ of erythrocytes w^as normal A dye retention test of hepatic 
function gave negatne results The concentration of serum bilirubin w'as 24 mg 
per hundred cubic centimeters The van den Bergh reaction was indirect 
Gaucher s disease w’as the most probable diagnosis A further trial or radio- 
therap^ seemed more advisable than surgical treatment 

Following the treatment, the patient returned to the clinic, on October 17, for 
reconsideration of her condition She felt much better and thought there hac 
been some decrease in the splenomegaly On this date the concentration of hemo- 
globin (Dare) was 49 per cent Ery’tbrocytes numbered 2,890,000 and leukocytes 
2 300 The bleeding time w'as tw^entr-two and a half minutes The high risk o 
splenectomr did not stem to be W'arranted, and radiotherapy was again adiise 
\t reexamination on November 28, the patient still maintained that her sp een 
had become smaller The liver w^as not so large as m September On Nmem er 

7 In the cases in which the patients w^ere of Hebrew extraction the 
notetl because formerh it was beliered that this disease was peculiar to Jc" 
This belief has not been sustained 
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28, the cojiccntration of Jiemoglobjn (Dare) was 46 per cent ErUhroc} tes nnm- 
bered 3,303,000, leukoc 3 des 2,900 and platelets 76,000 in each cubic milhiTieter of 
blood Coagulation time was eleven minutes (Lee), and calcium time, fourteen 
minutes, prothrombin time was prolonged m all tubes, and bleeding time was fi\e 
and a half minutes Retractilitj of the blood clot was marked in one hour and 
complete in three hours The status of the patient made a decision as to future 
treatment somewhat of a dilemma, but operation finally was decided on 

Operation was performed on December 1 A huge spleen, projecting down into 
the pelvis, was found and was remo\ed without great difficulty The liver was 
large and there were tiny, shotlike nodules over it A small piece of the right 
lobe was excised for examination The gallbladder was distended, but no stones 
were felt in it The spleen weighed 3,240 Gm , the spleen and a specimen of liver 
showed changes characteristic of Gaucher’s disease (fig 3) 



Fig 3 (case 3) — Characteristic Gaucher’s cells m spleen, X 250 

Convalescence was uneventful and the patient was dismissed from the hospital 
on the fourteenth postoperative daj' During her stay in the hospital repeated tests 
of bleeding time were made and each showed it to be prolonged, ranging from 
twenty to fifteen minutes At the same time, her blood platelets were rapidh 
increasing, from 264,000 on the twelfth daj following operation to 480,000 on the 
fifteenth daj There w'ere no hemorrhages at any time following splenectom\ 
The patient remained w’ell and was not seen again until July 6, 1929 During tlie 
previous winter she had had pains m the right thigh and leg that had responded 
to treatment by heat and salic>lates She had gained from 10 to 12 pounds (4 5 
to 5 4 ICg ) m iveight Hlenstruation had ceased until Januan, 1929, when she 
had had a normal flow for fi^e days, followed bj amenorrhea to the time of this 
last Msit to the clinic 

General examination at this time did not re\eal palpable enlargement ot the 
li\er , there was no adenopatlw and nothing significant m the pehis On Juh 6 
1929, the concentration of hemoglobin (Dare) was 65 per cent, er^throc^tes num- 
bered 4,190,000, Ieukoc^tes 16,000 and platelets 168,000 in each cubic millimeter of 
blood The differential leukocite count was normal 
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It ^\as during this Msit that changes in the long bones associated with 
Gaucher’s disease nere discovered in the roentgenologic examination Complete 
roentgenologic examination of the skeleton in Julv, 1929, revealed the thorax, spinal 
column, pehis and skull to be negative for changes characteristic of Gaucher s 
disease There was enlargement of the medulla and thinning of the cortex of the 
humerus (hg 4), radius and the upper end of the femur (fig 5) on both sides 
The lesions demonstrable were of uniform type The most marked change, 
general decrease m density, might be compared with senile osteoporosis The 



Fig 4 (case 3) — Right humerus, enlargement of the medulla and thinning of 
the cortex are e\ident 

cortex, although markedl} thinned, did not contain any areas of destruction 
Trabeculation of the medulla was not as fine as it normall}" is and the trabeculae 
appeared to ha\e been pushed apart b\ some process between them rather than 
b\ actual destruction bv malignant cells These changes were most marked m tic 
shalts of the bones The lower ends of the femurs were somewhat widened 
Considered from the standpoint of differential diagnosis, the picture was rather 
t%pical of the boiu changes in Gaucher’s disease There was no definite, we 
circumscribed region of destruction ot bone suggesting metastasis or miiltip e 
nn eloma 
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This patient’s general condition has remained satisfactory over a period ot 
more than two years following splenectomy Her domestic and social duties are 
carried on with ease as compared with the preceding two 3 'ears of abdominal dis- 
tress, progressive fatigability and advancing anemia With the hemorrhagic ten- 
dency which was clearl 3 f manifest, the surgical risk of splenectom 3 " was high, but 
that operation as a mode of treatment was well chosen would seem to be estab- 
lished by the period of good health the patient has enjoyed since 

Cask 4 — A Jewish woman, aged 33, married and the mother of one child who 
was in good health, came to the clinic on Oct 22, 1928, seeking relief for recurring 
infections m the nares, associated with headaches She had typhoid fever when 
she was 5 years old Mentrual irregularities had not occurred There had been 
occasional bleeding from hemorrhoids 



Fig 5 (case 3) — Widening of lower ends of femurs 


General examination revealed enlargement of the spleen , the organ exten led 
to the median line of the abdomen and to the le\el of the umbilicus Enlargement 
of the liver could not be detected There were small corneal pingueculae Bilat- 
eral vestibulitis was found on examination of the nose and throat The tonsils 
were small and fibrous passed specimen of urine contained a large amount of 
albumin The Wassermann reaction of the blood was negatne Roentgenologic 
study of the thorax and long bones ga\e negatne results A. concentration of 
hemoglobin (Dare) w'as 65 per cent Er\throc 3 tcs numbered 4,140,000 and leuko- 
c\tes 12 100 111 each cubic millimeter of blood \ differential count of 200 leu- 
koc\tes disclosed the following hmphoc^tes 13 per cent large mononuclears 
2 5 per cent transitionals, 2 5 per cent, and neutrophils 82 per cent A. diagnosis 
of “possible Gaucher’s splenomegah ’ was made and splenectom\ was adMsed 
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Operation r\as postponed b> the patient until June 5, 1929 At this time it 
uas found that there had been some increase in the size of the spleen There had 
been no new S 3 mptoms of note A spleen weighing 1,000 Gm and an accessory 
spleen of 125 Gm were removed The liver appeared normal Stones could not 
be felt in the gallbladder Pathologically, there were changes characteristic of 
Gaucher s disease m the spleen and in an accessory spleen (fig 6) 

Convalescence was uncomplicated On the day following operation the leiiko- 
cj tes rose to 46,800 , in a week they receded to 22,000 The number of blood plate- 
lets increased from 292,000, June 6, to 852,000 a week later There were no 
appreciable changes in estimations of hemoglobin and erythrocytes The patient 
was dismissed from the hospital on the fourteenth postoperative day She was 
seen two months later in excellent condition At that time, the concentration of 
hemoglobin was 70 per cent Erythrocytes numbered 4,140,000 and leukocytes 
13,000 m each cubic millimeter of blood The differential count was normal The 
urine contained only a slight trace of albumin 



Fig 6 (case 4) — Characteristic Gaucher’s cells in spleen, X 250 

COMMENT 

Four cases of Gaucher’s disease, in which splenectomy was per- 
formed are reported All of the patients weie women The age at 
the tune of opeiation ranged fioin 26 to 36 years Theie was no history 
of familial tendency to the disease in any of the four patients Tw'O 
of the four patients aie definitely known to belong to the Jetvish race 
Gauchei s disease ina} not make any paiticulai inroad into the 
general health of a patient The unusual splenomegaly is the most tre- 
cpient cause leading the patient to seek medical aid Anemia was not 
present m cases 1 2 or 4 ^ 

Three of the four patients hare enjoyed periods of good health 
following splenectomy ranging from seven months (case 4) to almost 
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ten yeais (case 1) Only one patient (case 2) has died She lived foi 
moie than two }eais following s 2 denectom 3 ’' The cause of death vas 
ceiebial hemoiihage 

Nothing significant has been disco\eied so fai in the blood j^ictuie 
of Gauchei’s disease to establish the diagnosis Reinoial of a lymph 
node, splenic pimctme, oi tieiihining of the bone-man ow vould seem 
to be warrantable means to enifiloy in detei mining whethei a case of 
obscuie splenomegaly belongs to the gioui^ Gaucher s disease The 
loentgenogiaphic changes in the bones may also be of gieat value m the 
final diagnosis These changes aie well shown in the loentgenograms 
taken m case 3 Hemoiihagic diathesis ma^ be an outstanding feature 
of the disease, as illustiated m case 3 

Gauchei’s disease m the female does not pieclude the possibiht\ of 
piegnancy, but that it may aflfect the menstiual life of the jiatient seems 
to be suggested In the second patient there was abiujit cessation of 
menstruation m the thiit}’'-fouith yeai The thud patient has had a 
long period of amenoiihea since splenectom\ , but the possibilih that 
this may have been in pait due to jiievious radiotherajw needs to be 
considered 

Splenectomy foi Gaucher’s disease although not to be regaided as 
curative, must be looked on as a means of aftoiding gieat lelief to the 
patient, and possibly of ai resting mdefiniteh' the course of this obscure 
malady 



OCCURRENCE OE A TOXIC PROTEOSE FRACTION 
IN MATERIAL FROM VARIOUS SOURCES- 


JOHN T McCLINTOCK, MD 

AND 

HARRY M HINES, PhD 

IOWA CITY 

A toxic pioteose fi action has been isolated by Whipple and his 
co-woikeis ^ iiom the intestinal content obtained fiom patients with 
acute intestinal obstiuction and fiom animals with obstiuction expeii- 
mentally piodticed This obsel^atlon has been confiimed by otheis, and 
the chemical nature of this ti action has been subjected to furthei investi- 
gation by Ingvaldsen and his co-workeis- Ellis® has been successful 
in isolating a toxic pioteose fi action from the intestine of dogs dying 
from distempei, peiitonitis and following opeiation on the adienal gland 
and fiom animals dying fiom the administiation of this mateiial The 
iactois lesponsible foi the pioduction of this mateiial and the idle that 
It mav play in vaiious intoxications are unknown It was thought that 
tuithei mfoimation concerning its origin and significance might be 
obtained by investigating its occuiience in mateiial fiom additional 
soul ces 

It is to be undei stood that the teim, toxic pioteose fi action, as used 
m this aiticle lefeis to a ceitain fi action obtained by the methods of 
sepal ation desciibed by Whipple and by Elhs ® and does not imply that 
the toxic substances in this empiiic fraction aie necessaiily proteoses m 
natuie We did not attempt to puiify the fi actions beyond the stages 
outlined by the foiegoing investigators, because we wished to avoid loss 
and destiuction of the mateiial Both methods of separation weie found 
to be about equally efficient For the identification of the fi action we 
have followed the symptoms, the changes in the blood and the gioss 
pathologic piocesses induced m unanesthetized dogs by its intravenous 
administiation 

Submitted for publication, March 18, 1930 

From the Department of Phjsiology, State Unnersitj of Iowa 

1 Whipple, G H , Rodenbaugli, F H , and Kilgore, A R Proteo e 
Intoxication, J Exper Med 23 123, 1916 

2 Ing\aldsen, T , Whipple, A O Bauman, L , and Smith, B C 

of Anh\dreiTua and the Nature of the Toxin m Intestinal Obstruction, J -xpe 
Med 39 117, 1924 

3 Elhs J Y Cause of Death m High Intestinal Obstruction, Ann Surg 
75 429 1922 
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EXPERIMENT VL WORK 

No)nial Inicstluc — In oidei to evaluate pi opeily om obseivations it 
was necessaiy to know the clegiee of toxicity of noimal intestine The 
liteiatuie concerning this question is conflicting Davis and Stone, 
Whipple and his co-woikeis,® Ellis ^ and othei investigatoi s have 
legarded it as being piactically nontoxic Othei woikeis have found 
It to have a ^allable degiee of toxicity Our investigation is limited to 
a study of the occuiience of the toxic pioteose fi action and is not con- 
cerned with toxins of any othei natuie that ma}'^ be piesent The dogs 
weie killed with chloiofoiin or ethei The entiie small intestine was 
lemoved slit open and the mucosa and adheient content sciaped awa) 
The pioteose fi action was piepaied fiom this mateiial in the usual wai 
The animals weie selected fiom the stock used foi experimental pui- 
poses and had been without food foi the pievious twenty-foui houis 
Nothing abnoimal was noted about the animals, oi the condition of then 
intestines 

When the mateiial was prepaied fiom the small intestine of a single 
avei age-sized animal we mvaiiably failed to obtain a fi action that would 
cause definite intoxication oi death However, when the fi actions fiom 
four 01 moie intestines weie compounded and injected into a single 
animal, the effect was always seveie intoxication oi death We can sa\ 
from oui experience that one intestine yielded approximately one fouith 
of a lethal dose of this fraction The symptoms and pathologic changes 
weie indistinguishable fiom those obseived when the material was 
piepaied fiom the content of an obstructed intestine Fatal doses 
usualty caused death in fiom six to eighteen houis The symptoms and 
pathologic changes have been desciibed in detail bv othei s ^ The animals 
might appeal noimal foi a few minutes aftei injection and then slioii 
vomiting, salivation, prostiation i etching, bloody diaiihea and coma 
The blood showed a use of nonpiotein nitrogen concentiation of cells 
and sometimes a deciease ot the chloiides The neciopsi showed 
splanchnic congestion and hemoiihages ivhich weie most piominent in 
the duodenum but which often extended thioughout the entiie intestine 
Blood was piesent in the lumen of the intestine Although oui experi- 
ments were somewhat limited we failed to find that autoK sis of the fresh 
intestine with chloiofoim and toluene appreciabh increased the Meld of 
this material 

4 DaMs, D M, uul Stone, H B Studicb on tlic Development of loxicitv 
in Intestiml Secretion T Exper Med 26 687 1917 

5 hippie G IT Stone H B and Bernheim B M t Stud\ of a Toxic 
Substance Produced b\ the Mucosa of Closed Duoden d Loops T Exper Med 
17 307 1913 
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Obstructed Intestine — We. have been able to confirm the obseiva- 
tions of pievious imestigatois as to the occinrence of a toxic pioteose 
fraction in the small intestine of dogs dying from obstiiiction expeii- 
mentally produced oi fiom an injection of the proteose fraction In 
addition, we have been able to obtain it fiom the content of closed colon 
loops which weie iemo\ed aftei a duiation of two weeks We weie able 
to piepare a lethal dose from the small intestine of a man dying from 
Hodgkin’s disease The small intestine fiom a child, aged 16 months 
dj/ing from malnutiition and obstiuction of the colon, failed to yield a 
potent fi action This is the limit of our experience with human 
material 

Obsti uctioii of the Poi tal V cm — Ellis leported the piesence of the 
toxic proteose fi action m the intestine of dogs dying of a thiombosis of 
the portal vein The duration of the condition was not lepoited by him 
We have seal died foi this material in the intestines of dogs dying from 
a complete or paitial occlusion of the portal vein, with the idea of 
determining how lapidl) this mateiial may appear in the intestinal tract 
m quantities sufficient to give symptoms The intestine of one dog dying 
m two hours aftei complete portal obstiuction yielded a lethal amount 
for a dog weighing 7 Kg The material from a dog with a similar condi- 
tion which died in one hour failed to yield a fraction of definite toxicity 
The large mesenteiic ■vein was ligated in a dog and caused death in 
fotii and a half houis The fiaction piepaied from this animal’s intes- 
tine caused only mild toxemia The mateiial from the intestine lemoved 
from a dog after a paitial but effectn'-e occlusion of the portal vein of 
fiAe houis’ duiation caused a definite but not fatal intoxication in a small 
dog On the whole, these results seem to indicate that an inteiference 
with the blood supplv to the intestine causes a greater quantity of the 
toxic fraction to appeal in the intestine However, the quantit) was less 
than that found in the intestine from dogs dying in about the same time 
fiom injection of pioteose It is possible that the laige amounts of 
bloody exudate into the intestines, as the result of portal ligation mai 
have lessened the quantity of mateiial isolated 

Histanunc Shock — The fiactions piepared from intestines of dogs 
which had recened shock doses of histamine for several hours did not 
appeal to be moie toxic than the fiactions piepared from normal 
intestine 

Spleen — We failed to isolate a fiaction of appreciable toxicity from 
20 Gm of sjfieen allowed to autolyze in phosphate buffei for ninety 
houis Howe\ei wdien aliquot jioitions w^ere inoculated wuth the con 
tents from the lowei j:)ait of the ileum and anaerobically incubated or 
ninetv hours they ^ lelded a lethal dose of this fraction 
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Live) — We have been able to obtain a lethal dose of this fraction 
fiom the liver of dogs in some instances In other cases only a slight 
leaction was noted We are unable to account foi these appaient 
inconsistencies 

Tissue Autolysis and Anaei obic Puti ef action — When muscle, intes- 
tinal mucosa or sj^leen in quantities of from 10 to 40 Gm were allowed 
to undeigo autohsis m a buffered phosphate solution for peiiods of fiom 
twent^-foui to ninety hours at 38 C , we weie unable to demonstiate 
the piesence of appreciable amounts of this toxic fi action Howevei 
when aliquot poitions of these substances weie inoculated with the con- 
tents of the lower pait of the ileum and incubated anaei obically as stated 
we weie invariably able to isolate a fiaction which caused seveie intoxi- 
cation and death of the animals that were given injections The 
symptoms, changes m the blood and pathologic processes were indis- 
tinguishable from those noted in animals that were given injections with 
material obtained from an obsti ucted intestine 

COMMENT 

Oui expel iments show that a toxic pioteose tiaction could be isolated 
fiom mateiial fiom vaiious souices The quantity of material obtained 
from each souice was too limited to peimit a detailed study of its 
chemical and physical piopeities The effects pioduced b) the injection 
of this material were the same legardless of its souice The symptoms 
and pathologic changes wei e for the most part t) pical of those noted in 
the animals djong from acute intestinal obsti uction The most note- 
woithy exception was the behavior of the blood chlorides The whole 
blood and plasma chloiides were usually somewhat loweied However 
some animals in a condition of seiere intoxication showed no change in 
blood chloride concentration The latter is m harmoii) with the obsei \ a- 
tions of Haden and Oir*^ that proteose fractions prepared from the 
content of obsti ucted intestine may cause little change m blood chlorides 

We believe that the failuie of othei in\ estigatois to obtain a toxic 
pioteose fiaction fiom noimal intestine and other souices was due to 
tlie fact that they woiked with too small a quantlt^ of material Tlnih 
the mateiial obtained fiom the small intestine of one noimal animal ma\ 
cause such a mild reaction that it might be regarded as nontoxic, uhilc 
tlie compounding of three oi four such portions may represent a lethal 
dose The absence of anj easilv detectable biologic reaction other than 
the determination of the lethal dose for dogs make progress in this direc- 
tion slou and difficult It is also to be recognized that the isolation ol 

6 Hiden R L and Orr T G The Blood Chlonde"; in Proteose Intoxica- 
tion J Txper Med 48 639, 1928 
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this inateiial is b} no means quantitative The possibilities of a loss of 
material due to destiuction and adsoiption by inert mateiial aie great 

Our experiments are not conclusive as to whethei the pioteose frac- 
tion IS bacterial oi nonbacteiial in oiigm The fact that bacteiia oi then 
pioducts may have been present in all the mateiial fiom which we 
isolated the toxic fi action, and that it was possible to inciease gieatly the 
)aeld of this matei lal by anaerobic autolysis in the presense of the intes- 
tinal flora may be inteipieted as indicating a bacteiial oiigin On the 
contraiy, it is haid to explain its rapid accumulation in the intestine of 
animals after ligation of the portal vein oi poisoning with a lethal dose 
on the basis of bacteiial activity alone It is well lecogmzed that anti- 
septic autolysis in vitio may proceed diflreiently from autolysis in vivo 
Ciucial evidence on this point might be obtained if sufficient quantities 
of sterile tissue were available The obseivations of Towner^ and of 
Ellis and Dragstedt ® would indicate that it is difficult to obtain such 
tissues as panel eas and liver, complete^ steiile 

We believe our expeiiments indicate that the piesence of a toxic pro- 
teose fraction in the intestine in various pathologic conditions should be 
legarded as meiely an increase in the concent! ation of substances usually 
present in the intestine of healthy animals 

SUMMARY 

A toxic proteose fi action has been isolated from noiinal intestine 
obstructed small and large intestine, intestine of animals with obstruc- 
tion of the poital vein and hvei and from tissue allowed to undergo 
anaeiobic autolysis in the presence of intestinal flora The piesence of 
this fi action was determined by the symptoms, changes in the blood and 
pathologic piocesses produced by its injection into dogs It is suggested 
that the presence of this toxic material in vaiious pathologic conditions 
should be regarded as indicating increased amounts of a mateiial noi- 
nially present rathei than the elaboi ation of a new and specific substance 

7 Towner, L E The Pathogenic Physlolog^ of Experimental Gangrenous 
Pancreatitis, JAMA 86 1112 (April 10) 1926 

8 Elhs, J C, and Dragstedt, L R Effect of Liver Autolysis in Vivo 
Preliminar} Report, Proc Soc Exper Biol & Med 26 304, 1929 
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Stone — To the \anous types of urinary calculi usuall} described 
in the literature Braasch ^ added another form of lithiasis which is not 
generally recognized and Avhich from its nature ma} be termed “h\s- 
terical lithiasis ” This unusual demonstration of an abnormal ps}cho- 
logic process is manifested In simptoms simulating those of acute 
renal colic In order to make the deception complete a stone will be 
produced b) the patient shortl} after the colic, which on casual obser- 
vation may be mistaken for renal calculus Xine cases of this unusual 
form of hi’-stena haie been recorded at the l\Ia\o Clinic, eight of these 
patients were women All gave a histor\ of having passed urinar} 
calculi repeated!} , one patient claimed to haie passed more than 200 
stones Examination of the specimens ineariabh showed the presence 
of inorganic material which made the diagnosis of foreign bod} certain 
Three of the patients were morphine addicts S}mpath} and attention 
obtained through invalidism were eeidentl} major factors m the other 
cases One patient secured prescriptions for alcohol in this manner 
All of these patients denied inserting the stones but when confronted 
with the chemical anal} sis all but one patient admitted the accusation 

Another unusual t}pe of urinar} stone mentioned is that which 
occasionalh is obsened as causing hematuria Gioss calculi arc not 
found on surgical exploration of the kidnei ^Microscopic examination 

* Submitted for publication A.ug 14 19o0 

1 Braasch W E L'nusual T%pes oi Uriinr\ Lithiasis T L*rol 23 I (fan) 

1930 
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oi the kiclne} will disclose the presence of numeious minute calculi in 
the renal tubules, which aie moderately dilated Such calculi may occui 
secondar} to obstiuction from blood clots accompanying an essential 
type of hematuria although it would seem moie piobable that the calculi 
were an etiologic factoi of the hematuiia 

Hunt - in considering some of the problems aiising in the treatment 
for hthiasis, lenal tuberculosis and neoplastic disease, stated that hth- 
lasis is the most common surgical lesion in the kidney During lecent 
3'ears at the Mayo Clinic, appioximately 50 per cent of the opeiations 
perfoimed on the kidney ha\e been foi calculus The lenal cause ot 
hthiasis has not as 3'^et been determined The Itypothesis that remote 
foci of infection aie instrumental in the de\elopment of hthiasis has 
received much suppoit Othei evidence tends to indicate that chemical 
changes incident to the advent of bacterial invasion of the kidney and 
urine ma3'^ be instrumental m the precipitation and agglutination of the 
normal constituents of urine Stones in the kidnev aie multiple m moie 
than 40 pei cent of the cases and are bilateial m appioximately 10 pei 
cent At times stones m the kidne3'^ are associated with calculi in one 
or both meters, which complicate the deteimmation of proper methods 
of treatment The significance of the complications of infection, urinan 
obstruction and destruction of lenal function is emphasized b3'- the fre- 
quency wnth which nephi ectom3' is necessar3' m ti eating renal hthiasis 
an incidence so high as to reflect unfavorably on conservative non- 
operatue methods At the Ma3m Clinic, m a lecent leview of 941 cases 
in which operation was pei f mined foi lenal calculus, nephiectom3 was 
necessan in 334 cases (35 pei cent) owing to infection and destruction 
of renal tissue If a lenal stone has not pioduced subjective symptoms 
and IS less than about 0 5 cm m diameter, its lemoval is not especialh 
urgent It should be gn'^en an opportumt3^ to pass spontaneousl3f It 
after obser\ation foi a ceitain period, the position does not change but 
the size inci eases, eaily lemmal should be considered Repeated renal 
colic fiom a calculus of considerable size retaining its position m the 
kidne3'^ is sufficient indication foi removal Anothei exception to the rule 


that renal calculi should be removed surgicall3'^ when the diagnosis 
IS established is when the condition occurs in aged patients without 
apparent S3mptoms and wuthout diminution m renal function D 
branched stones aie causing s3nnptoins and injur3^ to the kidney, the 
choice of consenative removal or nephrectomy is not alwa3’'s eas3 to 
determine In the piesence of adequate renal function conservatnc 
remoial of the stone is the method of choice NejDhrectomy is easier 
111 cases of large branched stones but conseivation of renal tissue under 


such difficulties is possible in the hands of a skilled surgeon 


2 Hunt, V C Problems Related to Surgical Lesions of the Kidnei \nn 
Surg 91 92 dan) 1930 
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In cases of uieteral lithiasis associated with lenal stone, it is not 
always possible to determine the amount of infection and of lenal 
function previous to lemoval of the uieteral calculus, paiticulail} 
if the uretei will not permit the passage of a catheter It may be 
best to remove the uretei al calculus first if it is situated in the lowei 
half of the ureter, and to determine the lenal function and degiee 
of infection latei If a ureteral stone is situated m the upper half of 
the ureter, it may be removed simultaneously with the calculus from the 
kidney thiough a posteiioi incision, if a conservative opeiation can 
be accomplished, or simultaneously with nephrectom 3 ^ if the radical 
operation is indicated In case of the latter procedure, nephro-ureter- 
ectomy to below the uieteral stone has proved the method of choice 
Bilateiahty of renal hthiasis is serious m proportion to the amount 
of renal injuiy and infection It has seemed best to opeiate first on 
the side to which acute symptoms have been referable In the absence 
of acute symptoms but with difference in function of the two kidnevs, 
operation on the kidne}^ with the better function is prefeiable 

Hunt has found it possible to remove stones b) pelviohthotom\ 
111 85 per cent of cases This operation has been reserved for cases in 
which the stones are inaccessible thiough the pelvis because they are 
encysted in the terminal cahces and situated rathei supei ficially under 
the renal capsule In the series of 941 cases of lithiasis there were 15 
deaths, a mortality of 1 6 per cent The mortality rate in 607 cases 
in which conservative operations were performed was 1 3 pei cent as 
opposed to 2 1 pel cent m cases in which nephrectomy was pei formed 
The upper part of the urinary tract seldom is alone the site of 
tuberculosis, and primar}^ tuberculosis of the urinary tract rarely 
if ever occuis It is generally accepted that tuberculosis of an^ part of 
the gemto-unnaiy tract is hematogenous m oiigin To determine the 
incidence of bilaterality of renal tubeiculosis at the ]\Ia\o Clinic a 
review was made of the operatne and nonoperative cases during a ten 
yeai peiiod During this time nephrectoni} was done on 574 patients 
and 264 patients were observed on whom operation uas not performed 
In the latter group the diagnosis of renal tuberculosis uas definiteh 
established and all of the cases uere considered nonsurgical with the 
exception of 43 patients who refused nephrectom\ Approximateh 
73 per cent of the cases of renal tuberculosis were regarded as suit- 
able foi nephrectonn The 221 cases weie considered nonsurgical 
because of bilateralit\ in 77 occlusion and relatnc Ireedom from 
SMuptoms m 48 actne and advanced pulinonar\ tuberculosis m 37 and 
extensue and adeanced tuberculosis elsewhere in 38 In 10 cases m 
which nephrectom\ had been performed lor tuberculosis of one kidne\ 
tuberculosis of the remaining kidne\ was found in 4 nonoperatne 
eases bilateral renal tuberculosis was pro\cd at necnips\ The diag- 
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nobis ot bilateialit}^ in the 77 cases was definitely established in most 
instances through the presence of bacilli of tubeiculosis in the secretion 
from both kidneys oi thiough inoculation of guinea-pigs Definite 
evidence of bilateial renal tubeiculosis existed in 91 of the nonopeiative 
cases Among those cases in which nephrectomy was performed, evi- 
dence of bilateiaht} existed in 20 There weie 14 deaths (2 4 per cent) 
in the senes of 574 cases in which nephiectomy was performed foi 
lenal tubeiculosis, m the last 357 cases theie weie only 7 deaths (19 
per cent) In geneial, theie has been a moitahty of 20 per cent within 
five yeais, with paitial recovery of 80 per cent of the patients, 60 per 
cent ha\e been completely cured, and 20 pei cent have had persisting 
vesical symptoms The shoitei the duration of the disease and the less 
extensive the lenal mvoHement and cystitis, the bettei will be the result 
Braasch lecently leviewed 65 cases in which nephiectomy was done 
between five and fifteen yeais ago and in \vhich advanced secoiidaiy 
ulcerative cystitis was present with maikedly i educed capacity of the 
bladdei Among these there was a five 3 feai mortality of 37 per cent 
The condition of the bladdei s of 30 per cent of patients who were 
living was not impioved Early nephrectomy, before advanced involve- 
ment of the bladder occuis, insuies moie satisfactoiy results than ma) 
be expected in cases m which there is advanced involvement of the 
gemto-uimaiy tiact 

Most malignant lesions of the kidney tend to metastasize rapidly 
thiough local extension to perirenal structures and to the lenal \ein, 
which pioMdes diiect paths for remote metastasis In the absence of 
demonstrable metastasis and fixation of the kidney li} direct extension 
to stiiiounding stiuctures, nephrectomy affoids the best prognosis 
The anteiioi transpentoneal route facilitates removal of large tumors 
entiielv inaccessible through the usual posterioi incision 

Hyd) oueph) osis — Stevens® presented a senes of twenty-three cases 
m which surgical tieatment was given for obstruction at the uietero- 
pelvic juncture In tw’'enty of these cases the condition could probabl)' 
haie been corrected by operation with preservation of the kidney if a 
collect diagnosis had been made early The most common obstruction 
at the uieteropehic juncture is that caused by abeirant vessels going to 
the lower pole of the kidney Some degree of ptosis of the kidnej 
may be necessarj' befoie these vessels wall interfere with the free flow' 
of urine in the uietei The anomalous vessels may be anterior to the 
suiface of the kidne} In five of seven cases in which the condition 
was noted the \ essels passed anterior to the ureter, and in two, posterior 
In the senes of twenty-three cases there were thirteen of hvdro 

3 Ste\ens \ R Hj dronephrosis Due to Obstruction at the Uretero-Pd' 
Tunction T Lrol 23 493 (Maj) 1930 
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nephiosis clue to abeiiant vessels Nephrectouty was done in ten 
One patient had had symptoms for one week, anothei foi two years 
and the lemamder of the patients fiom ten to twenty-three years 
In all cases theie was little if any function from the hydronephiotic 
kidney In seven cases infection was pioved to be present before 
operation The kidneys in all of these cases were greatly enlarged 
with thin and scanty parenchyma In eight of the ten cases nephrec- 
tomy was performed on the left side There was an equal numbei of 
men and women in the group, but in the latter the large kidne)'^ was 
always on the left side There were four cases of obstruction fiom 
dense fibrous encapsulation of the uieteropehic region Caieful search 
did not reveal any othei factoi In three of the four cases, the corre- 
sponding kidneys were infected at the time of opeiation, and the pen- 
pelvic fibrous tissue was probably of inflammatoiy oiigin Trauma 
accounted for the condition m the fourth case 

Von Lichtenberg stated that treatment of such an important 
structure as the kidney should be directed toward its conservation 
From his conception of conservative surgical intervention and his expe- 
rience m treating what he called “urinary constipation,” he concluded 
that in the tieatment for this condition a consei\ati\e method may be 
used, having for its purpose the elimination of the symptoms and the 
maintenance oi impiovement of the remaining renal function A con- 
servative pioceduie is indicated especially in all cases m which the 
condition is bilateial, or m which the other kidney is also injured and 
the conservation pioceduie is not contraindicated hi infection A tem- 
poiaiy fistula of the kidney assists essentially m the success of the 
operation The kidnej^ must be sufficiently exposed to gue a clear 
picture in situ This necessitates lemoval of the twelfth rib and occa- 
sionall)'- of the eleventh rib The palliatne procedure disconnects the 
pathogenic lesion wheieas the radical operation remo\es it 

[EdAojiol Note — In the last decade great strides ha\e been made 
toward conser^atne lenal suigerj" Partial resection of the kidnej . 
plastic operation on the pelvis and ureters, the resection of obstructing 
anomalous vessels etc , have made nephrectoim a far less frequent 
operative proceduie 

In line uith this consel^atlve t\pe of surgical mter\ention is the 
eftort made b} those -who teach the doctrine of ureteral stricture as a 
cause of renal stasis and uho ad\ocate repeated ureteral dilatation 
as a means of establishing more satisfactorj drainage of the tract 
The rationale of the latter piocedurc is still sub judici , and the subject 
IS of caustic contro\ersj, Neeertheless, both ureteral dilatation and 
conser\atne operations on the kidnex are procedures vhich illustrate 

4 \oii Lichtenberc H\droncphrosis T Surtr 7 747 CDlc) 1929 
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the definite tiend toward making eveiy eftoit to preseive functioning 
lenal parench}ma whenerei possible] 

Bai ringer “ expiessed the belief that there are two main reasons for 
conseivatism m opeiatmg foi hydionephiosis and hydropyonephrosis 
First, piesent-day methods of examination aie inadequate for detei- 
mination of piecisely uhat a kidney is doing Second, it is not known 
how far a kidney is capable of returning to normal An infected 
kidney can return to normal even if largely infected, but there is no 
standard by which it can be ascertained, piioi to opeiation, w'hat a 
kidney can do 

Walters® stated that a leview of the hteratuie on ureteropyelo- 
nephrostoni}'’ indicates that if the anastomosis is coriectly made function 
will be satisfactoiy He leported two cases in which anastomosis was 
successful In these two cases lateral anastomosis was made between 
the ureter and the dependent portion of the hydronephrotic lenal pelvis 
A uieteral cathetei was placed temporal ily through the anastomosis to 
serve as a scaftolding foi healing In the first case the catheter had 
lieen inserted in the uietei m order to decompress the renal pelvis and 
was there at the time of operation It was earned into the pelvis 
thiough the anastomosis and maintained in place foi twenty days, when 
it was lemoved Temporary iiephi ostomy was done in this case to 
prevent tension at the point of anastomosis A no 14 French cathetei 
W'as used, wFich ivas lemoved on the eighth day In the second case 
the cause of the obstiuction was a dense scai of fibrous tissue at the 
ureteropelvic juncture Connective tissue had extended to a point 
below this angulating the ureter When first exposed this angulation 
appeared to be the site of obstruction After it was free, an opening 
w^as made in the uretei about 3 cm distal to this point and a catheter 
w^as pushed towaid the renal pelvis as a j^robe It was then found 
that the obstruction had not been relieved but existed at the uretero- 
pehic junctuie When the ureter was dissected to this point the 
obstiuction was found and a lateral anastomosis was made between 
the uretei below^ and the pelvis above A ureteral catheter was carried 
through the anastomosis and out of the incision through the ureter 
ostoinj opening m rvhich it was left for thirteen days A nephrostoniv 
tube w'as also used and lemoved on the tenth day follownng operation 

Hirst" summaiized piesent knowdedge of the kidnej" in cases o 
pregnancj and presented certain additional information The title is 

5 Barringer B S Discussion of Hydronephrosis, Am J Surg 
(Dec) 1929 

6 Walters Waltinan Ureteropjelonephrostomv for Unnari Obstruction 

the Uretero Pehic Junction Ann Surg 91 101 (Jan) 1930 

7 Hirst T C The Kidnej of Pregnanci Am J Obst & Ginec 18 a- 
(Oct) 1929 
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used in a bioad sense to include (1) the diagnosis of h) dronephrosis, 
infected hydionephiosis and pyelitis complicating pregnancy, with the 
compaiison of the lelative frequenc}'- of appendicitis and disease ot 
the gallbladder, (2) the i elation of h} dronephrosis and -pyelitis to earh 
and to late gestational toxemia, (3) differential tests of renal func- 
tion and p}elograms to discover additional factois m the cause of the 
common hydionephrosis m pregnane}, with special attention to the pos- 
sibility of uieteial edema or chronic passive congestion that might be 
a contiibutmg cause of late gestational toxemia and eclampsia, and 
(4) an attempt to difterentiate renal and hepatic toxemia of pregnancy 
l)y the cftect of the administration of a blood pressure lowering prepa- 
ration from liver 

Fiom his leview ot important articles on the subject, and from his 
own expel lence Hirst concluded (1) cystoscopic urologic diagnosis 
IS of significance in obstetric service and, when carefull} performed no 
risk IS invoked, (2) vasodilatation and circulator} stasis of the distal 
ureter may directly or indirect!} be concerned with late gestational 
toxemia, (3) early and late toxemia are essentiall} difterent, the latter 
being primaiily renal m origin, and (4) the luei prepaiation appears 
to bear insufficient specific action to separate a hepatic t}pe from the 
late forms of the toxemias of pregnancy 

From a summary of data concerning nmet}-se\en obstetric patients 
who weie subjected to cystoscopic and pyelographic examinations, the 
following significant facts were obtained Ureteral obstruction appeared 
only four times, the absence of fiequent obstruction presupposes some 
additional factoi lesponsil^le for impaired drainage not accounted for 
by atonic ureteral dilatation or latent infection so common m pregnane} 
The impairment is believed to be circulatory in the form of intermittent 
\ asodilatation or chionic passive congestion around the distal ureter, 
evidenced by edema of the orifice in the form of irregularit} of shape 
and puffing Jaundice did not appear in any case Init in one instance 
subacute exacei liation of a chronic cholecystitis followed ureteral 
catheterization E\en if the renohepatic mtei relation is of significance 
m infection and toxemia it appears that it is not particularly signifi- 
cant m a careful cystoscopic examination of the obstetric patient 
Othei harmful results of urologic in\estigation included troublesome 
inci eases m seventy of chronic p}elitis m two patents and m one 
patient it precipitated labor at term 

Pyouepluosis — Paschkis ® stated that epithelial changes in the 
urmai} tract simulating cvstitis c}Stica and glandularis are lare and 
their etiolog} is unknown The inference is that there are stimuli of 

8 Paschkis Rudolf P\eonephrose nut Lreteritis c^htlca Ztsclir f uro! Chir 
28 64 1929 
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vaiious types, winch cause an otheiwise noimalh functioning gland 
01 cyst to develop to an advanced stage In other cases such stimuli 
ma}' cause epidermization of the mucous membrane Paschkis observed 
cases of renal calculi m which the mucous membrane has presented a 
condition known as p3^ehtis glandulaiis 

The case of a woman, aged 55 , wdio had iight-sided colic with 
distill bailees of the bladdei, was repoited A histor}^ of hematuria 
and of trauma of the light side of the abdomen was obtained Tw^enty- 
foui 3'^ears befoie, following a foiceps delmen. a pennephritic abscess 
developed on the light side and was diained Examination revealed 
closed right pyonephrosis Intiacapsular nephrectom3'^ was performed 
Pathologic examination of the kidne3' showed pyonephrosis Chronic 
cystic proliferating uieteritis almost obliterating the lumen was found 
111 the upper part of the meter Paschkis concluded that in childhood 
hydrohematonephi osis nia3^ have formed due to the injuiy, later, infec- 
tion ensued causing both the pyonephrosis and the permephi itic abscess 


Lipomatosis — Kutzmann“ found that leplacement lipomatosis of 
the kidney is of lare occurrence He cited the case of a man, aged 
56 , who complained of continuous dull pain in the region of the right 
kidney, dystiria and frequenc3'- A diagnosis of right calculous pyo- 
nephrosis w^as made Intracapsular nephrectom3 was pei formed The 
kidney was found to be markedly adherent to all structuies in the lumbai 
region, especially to the posterior peritoneum and diaphragm The 
perirenal fat w^as fibious and tough These factois greatly hindered 
fleeing the kidney fiom the adjacent stiuctures and made the mtia- 
capsular pioceduie imperative Nephrolithiasis, chiomc diffuse nephritis 
atrophy of the lenal parenchymia and fatty degeneiation of the renal 
hilus, Avhich appal entty had invaded the kidney, w^eie found Recoveiy 
Avas uneventful 


TAventy'^-eight proAed cases and nine doubtful cases weie noted 
in the literatuie Kutzmann concluded that replacement lipomatosis of 
the kidney'^ is always associated Avith seA^eie infection of the kidney' 
Calculous disease Avas associated in 71 pei cent of the cases dhe 


sexes and the side iua oh'ed were about equal , pathognomonic signs or 
clinical sy'inptoms Avere not apparent The cases reported earlier Avere 
found at necropsy Avhereas those recently obserA'ed Avere found at 
opeiation Treatment is directed to the associated condition and usually 
IS nephrectomy Such kidneys are painful, badly infected and func- 
tionless The pathogenesis is hy'pothetic The piocess of replacement 
IS piobably one of imasion of periienal peiipeh'ic and hihis fat along 


the large ressels thiough the renal hilus 


9 Kutzmann, \ A Replacement Lipomatosis of the Kidnei, Proc S'nth 
fleeting Clm Soc Gemto-Urm Surg , San Francisco Jnk 1929 
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[Editonal Ante — Repl.iccment of icnal paicnclnnia In tat of 
laie occurrence, and lias been consideied onh occasional!} in the 
\meiican litciaUne Uhe ]£inopean litciatuic hoN\c\ei contains inan\ 
Inpothetic considei.itions concerning: its unknown etiologp and patho- 
genesis 

The suhstitution of lenal paiencinma h\ tiue adipose tissue has 
been ^arlousl} designated in tlic literature as lipoinatous nephritis, 
lipomatoiis paiancphiitis lijioina difiusuin lenis suhstitutio lenis adi- 
posa hiioinatosis icnis fatt\ tiansfonnation of the kiclne}, fat replace- 
ment of the kidncn and fatt\ degeneiation of the kidne\ These terms 
are more desciiiilnc of the lattci stages of this pathologic anatomic 
jiroccss in which the entire parcnclnina of the kidne\ mac ha\e dis- 
appeared In the earlier stages in which the changes ha^e not as }et 
occuried m the lulus and polar regions of the kidney the term “lipoma- 
tous paianephi itis lias been considered more desenptne h\ certain 
ohseriers The jiioeess has not been satisfactonli explained The 
condition is usual!} cl.issified with the paiancphritides The fat eithei 
ina\ surround the kidiic} oi ina} limit itself to indiMdiial areas usual!} 
at the lulus or polar legions of the kidne\ It ma} e\en iinolve the 
uretei, assuming colossal dimensions The fat substitution usiialh 
parallels an ati opining renal process 

The theories conceinmg the pathogenesis of tins condition ma} be 
placed 111 two essential groups a mmoiit} ot authors considers the 
piimar} growth to he fioin the fatt\ capsule while coincidentall} 
the fat of the hilus forces its wa} into the kidnc} leading secondarily to 
atiopln There is no o\ei whelming cMdence to suppoit this eiew 
The majont} of authois holds that the substitution of fat is secondare 
and considers that tbe <iti opln mg piocess is of piimai} importance 
To support tbe lattci new it lias been pointed out that at times retio- 
peritoneal lipomas assume huge piopoitions, suiiounding and pressing 
the kidne} on all sides and } et not causing destruction oi atroph} of the 
parenchyma of the kidne} If the fatty growth weie of a primar} 
natuie, histologic examination should leveal traces of lenal tissue 
wdiich has neeei been tbe case Betw'een tbe fat tissue and the 
remaining ati opine paiencinma of the kidne\ there is usualh a sharp 
boundar} 

Calculous disease of the kidney seems an important factoi Analysis 
of thirty-five cases le^ealed calculous disease in twenty-six (79 per 
cent), bilateral cases of replacement lipomatosis thiee cases and 
bilateral renal and uretei al calculi combined with an infection two cases 
Destruction of the pelvis and paiencinma of the kidne} and finall} the 
familiar pictuie of p}onephiosis result The piesence of calculi and 
the chronicity of the infection ma} lesult m a piolifeiatne and invasive 
pow’^er to the alread}^ hyperplastic peiipelvic fat about the lenal lulus 
and 111 a renal invasion aiound the laige \essels ] 
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Ruptiac — Shapiro^” stated that luptme of the kidney may result 
Irom direct tiauma by which the kidney is chiven against the lower 
libs 01 against the tiansverse processes of the fiist and second lumbai 
\crtebiae, from mdiiect tiauma, from muscular action pioducmg abrupt 
flexion such as jumping backwaid oi dodging objects, oi it may occiii 
sjiontaneousU The seiiousness of ruptuie of the kidney depends 
mainly on the extent and site of the injury A subcapsulai luptuie, 
after a feu dajs of pain in the loin associated with hematuria, will 
entiiely disappeai In this type of lupture theie is a tearing of lenal 
tissue, but the capsule lemains intact Fiom the injuied tissue theie 
IS an outpouring of blood and urine, with the lesult that the mtra- 
capsular \olume inci eases and with it the mtiacapsular piessuie uses 
also A total luptuie with severance of the mam vessels will lapidly 
exsanguinate the patient, or, wuth a torn peiitoneum, exti avasation of 
uiine into the peiitoneal cavity will result in fatal peiitonitis The 
blood and mine escape through the toin capsule of the kidney into the 
letrorenal tissue between the kidney and the peritoneum, foiming a mass 
ot A^ar}ing size and composed of a mixtuie of blood and mine 

A bleeding kidney is evidenced clinically not only by hematuiia but 
by ecchymosis, or subcutaneous hemoiihage The latter is usually 
found m the flank and may piove a valuable aid m diagnosis The 
caidinal symptoms of luptmed kidney are pain of varying degrees 
tumor and hemoiihage, togethei with the condition of shock The pam 
is usually in the loin but may radiate down the thigh, to the penis 
and scrotum 

Secondaiy hemorrhage has sometimes followed luptuie aftei the 
patient has appaiently recovered fiom the injuiy Othei sequelae of 
ruptuie of the kidney aie suppuration, calculi and cysts, and even 
nephiitis and malignant neoplasms haA'^e been leported 

In an} tieatment foi luptured kidney attempts should be made to 
conseive the function of both kidneys The majoiity of such injuries 
Avill heal by expectant treatment Whether opeiation is necessarj will 
be detei mined by the extent of bleeding Surgical inteivention is indi- 
cated Avhen theie is a giadual rise in the pulse rate and a sharp drop of 
the erythrocytes, the hemoglobin and the blood pressure Conseivatnc 
piocedmes of tamponade, sutme oi drainage should be carried out if 
the bleeding is such that a tampon aviII check it, if the kidney is onl} 
shghth injured oi if the fragments can readily be approximated b) 
sutme If the bleeding is uncontrollable, if the tear in the kidnei 
cannot be sutuied successfully if the artery and Aein are shorn oft 
if the pehis is seAerely torn or if the ureter is entiiely scA’^ere 
nephiectoniA is indicated RemoA’’al of the kidncA is also indicated i 

10 Shapiro E Z Ruptured Kldne^ T Urol 23 343 (March) 1930 
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the uipluic ]^ .issoLiatcd with sc\cic infection oi disease such as h}dio- 
ncphiosi', and calenli I^apaiotonn is ing'ent if theie is suspicion ot 
loin peiitoneuin oi injun of the alxloininal Mseeia 

Pdiiiiitil 'IiDitois — Ciahtiee" staled that peiiicnal lipomas and 
tine fatt} tuniois of tlie in man oig'.ms aie to lie distinguished fiom 
the iipomatous elianges of ehionic infeetions Peiiienal fatt} tumois 
aie moie eommon than lenal lipomas The\ foim two definite gionps 
one in which long-st. Hiding Illinois 1 )\ then si/e pioduce symptoms of 
picssuie the othu tuinois in which the clinical jiietuie is suggestne 
of malignant \ Pathologie.dK these fatt\ tiimoi s i ange hetw een normal 
fihioiis t.it and saieoma In the pine lipomas the blood supply to the 
tumoi IS meagei and the lihioiis eaiisiile incloses the tumoi m such a 
wa\ that suigieal enucleation of a huge mass is not difficult Lipoma 
of the peiiien.il ,md letiopei itoneal .11 ea is moie common in women 
The dise.ise seems mdeiiendenl of associated oigans and occins with 
equal tiequenei on eithei side In some e.ises a histon of injui\ is 
gi\en In othei eases of long standing the tumoi giow's lapidh after 
injui} 01 some foim of nutation such as mfl.ammation of the appendix 
01 colitis 01 foi no a]i])<uent leason 

The most eommon simptom is eniaigement of the abdomen often 
SNinmctiical Since the fat is sott at hod\ tcmpeiatme the tumoi is 
not definiteli loe.ih/ed a phenomenon which often leads to the diag- 
nosis of .iseites, this sometimes oecuis cien though the tumoi is 
glowing lapidh '1 he ap])aientl\ noimal fat content is not aiailablc 
foi metabolism m these jiatients In some of the eases studied loss of 
w'eight was lajiid although the tumoi w'as not sufficiently laige to pio- 
duee cleiangements ot jihi siology due to piessure 

The majoiiti of cases lejioited haie been diagnosed onh at opera- 
tion or at ncciojis} Defoimity of the kidney has not been lecoided, 
but it has become disjilaced fiom jiiessuie 01 its pelvic outline appears 
noimal Biaasch s statement that wdien the outline of the pehis is 
normal it is not hkel} that the suiiounclmg tumoi is of lenal origin 
IS confiimed in these cases \\'henevei possible, operation is the tieat- 
ment of choice In cases of jiure lipoma m wffiich the lobulated masses 
aie encapsulated, the mass even though large, is often easily lemoied 
These cases aie usuall) not good suigical iisks Wahlendorf found an 
immediate moitahty of 25 per cent in a series of 165 cases, othei 
observeis lepoit a similar mortality late In many eases in wdiich the 
patients siinived opeiation, complete removal of the tumoi had not 
been accomplished Repeated opeiations were not w’^ell tolerated Data 
aie not available to deteimme longevity in those cases m wdiich opeiation 
w^as incomplete 01 w^as not peifoimed 

11 Crabtree, E G Pcnrenal Lipoma with Generalized Abdominal Lipoma- 
tosis, J Urol 23 545 (^tai) 1930 
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MacKenzie repoiteci a case of spontaneous pemenal henionhage 
occurring in a man suffering from polycythemia Nephiectomy was 
performed, and the patient recoveied 

Sixty-six cases of penrenal hematoma ha\e been reported m the 
hteratuie, but none has occurred m conjunction with polycythemia 
Four have occurred in patients who had hemophilia Spontaneous 
penrenal hemoirhage has been classified accoiding to the source, such 
as primar\ , ot unknown etiology, and secondarj due to some discover- 
able lesion 


BLADDER 

Reflux , — Bronner and Schuller^® stated that the \ esico-ui eteral or 
Aesicorenal leflux is variously described in the hteiature as a vesico- 
lenal backflow foiced ureters or gaping of the ureters The lesion 
never occurs under normal conditions because of the valvelike action 
of the ureteial orifice As soon as there is distuibance of the physio- 
logic function of the bladder and meters, the valvelike action of the 
ureteral orifice ceases and a vesico-uretei al oi a vesicorenal reflux 
ensues Conditions leading to disturbance m the action of the ureteral 
orifice aie marked hypertonia of the musculatuie of the bladdei due to 
tenesmus in diffeient diseases, disturbances due to naicosis or luinbai 
anesthesia and ureteial rigidity in certain inflammator} conditions, 
leading to the so-called funnel-shaped orifice 

The case of a girl, aged, 24 years, who had diffuse tuberculous 
cystitis and left lenal tuberculosis in which a \esicorenal reflux 
developed on the opposite side, was repoited The fii st stage of the 
vesicoienal leflux of the right side was obseived pieMous to opeiation, 
and It was thought that nephrectomy on the left side would cause the 
condition to disappear To check up, cystogiams made fourteen days, 
one month and one and a half months, and again fifteen months later, 
showed gradual piogiession of the vesicoienal leflux to complete 
hydronephrosis The patient was obseived dm mg the entire course 
of the disease, and it was possible to stud)'^ the vaiious stages of ^eslco- 
lenal leflux First there was onlj- slight dilatation of the low^er portion 
of the metei with the mine entering this part of the uretei Later the 
urine enteied as high as the pelvis of the kidne) and theie was pro- 
gressne dilatation of the entire ureter In the thud stage, toituosit) 
with occasional kinking of the ureter de\ eloped, leading to letention of 
the urine m the upper portion of the ureter and pehis of the kidnej 
The final stage of the disease was marked b} hjdionephiosis 

12 J^IacKenzie D W Penrenal Hematoma Pnmar\ with Pol^c^themla, 

T Urol 23 535 (Ma\) 1930 

13 Bronner H, and Schuller, H Der Bla<ien-X!erenruckflu=;‘i tVesiIvO- 
renaler Reflux), Klimschen und rontgenologischen Eeitrage, Fortschr a d Ge < 
Rontgenstrahlen 40 419 (Sept) 1929 
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The synii)toms me in accoi dance with the Aanous stages of the 
disease Fust theie is oulv a drawing sensation in the lowei pait of 
the back, then the sudden desne to urinate deielops, especially notice- 
able on a change fiom the hoii/ontal to the vertical position It often 
develops into in man incontinence In the final stage, urination m two 
01 seveial pciiods follows The lattei is due to the fact that during 
actual micturition the bladdci exjiels the mine both into the uiethra 
and tow'aid the kidnc} 

Cystoscop} IS the method of examination m vesicorenal reflux 
Ihe direct application of jnelogiaph} is contraindicated since the 
slightest pressuie ma\ lead to the opaque substance entering the venous 
sistem of the kidnei \niong opaque mediums are a 12 per cent 
solution of sodium iodide or a 5 pei cent solution of iodized oil 

The \aiious diseases leading to vesicoicnal reflux are (1) Tubei- 
culosis of the bladdei and kidnci Accoi ding to Bumpus. this is 
responsible foi 40 pci cent of all leflux and appears m 20 per cent of 
all cases of tubeiciilosis of the kidnei , occasionally it may disappear 
spontaneously following icmoial of the diseased kidney or conseriative 
tieatment of the bladder (2) Infections of the bladder or of the 
pelvis of the kidney l-Ieflux of this type is lelatnely benign and as 
a rule it disappears as the icsult of conscnatne treatment (3) Condi- 
tions associated wath ictcntion of long standing, such as ureteral stne- 
ture and hy iierti ojiby of the piostate It has been noted by Bumpus 
that the vesicorenal reflux w'hich accomjiamcs enlaiged prostate glands 
increases from 4 74 to 1142 per cent followang prostatectomi 
(4) Implantation of the meters into the colon as practiced m certain 
operations Maydl’s attempt to tiansplant the entire trigone of the 
bladder into the colon so as to prevent the reflux has not led to better 
results From 70 to 80 pei cent of all colonic transplantations of the 
ureters result in renal leflux, necessitating later the removal of the 
kidney (5) Transvesical lesection of enlargements of the louder por- 
tion of the uietei (6) Ceitain instances of ureteral stones, producing 
partial obstruction (7) Certain lesions of the spinal cord and 
exceptional congenital lesions 

Whether oi not vesicorenal leflux ahvays leads to insufficiency of 
the aftected kidney is not definitely determined 

Teposu described tw'o cases of vesicorenal leflux The first case 
occuned m a man, aged 55, wdio since 1916 had complained of 
symptoms ref ei able to the bladder, and who m 1925 and 1926 had had 
three successive operations A diagnosis of sclerosis of the tiigone (due 

14 Teposu, E Insuficienta onficiului ureteral si reflux ^ esico-renal, Cluj 
med 10 579, 1929 
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to scanfications fiom the opeiations) was made, and it was thought that 
this sclerosis was lesponsible foi the ^estcoienal lefliix Following the 
excision of the trigone, the lesion appaientlj healed The second case 
was that of a giil aged 14 }eais The cause was not definite The 
\esicoienal leflux was confined to the left side 

In connection with these two cases, Teposu considered the mech- 
anism of -vesitoienal leflux and airixed at the conclusion that it maj 
he the lesult of the following thiee factors (1) disturbance in the 
normal peristalsis of the meter, (2) disturbances m the obliquit) of 
the intiamural poition of the ureter, and (3) insufficiency of the 
Aalvular function of the ureteral orifice 

The conditions that may lead to distuibance of the foiegomg factois 
aie acute or chronic inflammation, tuberculosis, lesions of the tiigone 
uretei ocystoneostoma, piostatic hypertrophy, diseases of the nervous 
s}stem (tabes dorsalis, poliomyelitis, multiple sclerosis) and spina bifida 

Tiimois — McCaithy^'’ stated that in consideiation of any technic 
m the treatment toi new giowths occurimg m the bladder, diagnosis 
IS the basic question Piecise diagnosis is necessaiy not only pnoi to 
c'peiation, but by free mobilization at the time of operation In 
cystoscopic tiansmethial and transvesical diathermy there should be a 
wider application with the laigest possible electrodes Results fiom 
laditim and the application of deep loentgen rays have not been satis- 
factoiy, and their use is no longer advocated Fiee mobilization of 
the bladdei is advised as a preliminary step in cases in ivhich open 
operation is peifoimed If all these measuies fail, prompt cystectoinv 
should be done 

Caicuwma — Fey and Bompait^® leviewed 108 cases fioin the 
liteiatuie of total cystectomy foi carcinoma of the bladdei Baiden- 
heuer performed the fiist operation of this t)pe The immediate results 
w'eie not encouraging Fift}-six 1518 pei cent) of the 108 patients 
died eail}^ In all cases in which the uietei w^as placed in the uiethia. 
and in 59 pei cent of cases m wdiich the uietei w^as tiansplanted to the 
intestine, the patients died Tiansplantation into the vagina was 
followed b} a moitality of 33 pei cent . Cutaneous ui eterostomv 
lesulted m a moitalit} of 23 per cent Eighty-fiie patients were 
opeiated on bv a one-stage method, 50 (59 pei cent) died Twent}- 
three patients weie operated on by the two-stage method, 6 (26 per 
cent) died The late results of total cistectomy aie not satisfacton 

15 McCarthi IF A. Consideration of Technique m the Afanaqement of Xcu 
Growths of the Bladder J Urol 23 323 (March) 1930 

16 re\ B and Bompart H A propos de la c^stectonnc totale pour cancer 
dc h ACvsie Pans mtd 2 359 (Oct 19) 1929 
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J he nioitaliU is .ippioxiinateh v30 pei cent foi the fust six months 
aftci opeiation, 40 pci cent foi the fiist ceat and 70 per cent for the 
fust two teais 

Fee and Boinjiait stated that cjstcetonn foi caicinoma has received 
unjustified diseiedil at the piescnt time Gained out undei certain 
conditions such as eaih opeiation In the two-stage pioceduie and ihac 
uieteiostonn , this ojieiation would gne lesults superior to those m 
use at the jiiesent time The authors aie of the opinion that this 
method will some dac he the (leatmcnt of choice foi carcinoma of the 
hladdci 

Henna — Wakelew slated that it is jiossible for the bladder to 
piotiude thiough ain of the heinial oiificcs, although the piotuision 
usual!} IS inguinal oi femoial Inguinal henna of the bladder is less 
common in w’omen than m men. w'hereas femoial henna of the bladdei 
oecuis almost sole!} in women Of foit\-tw'o cases of the femoral 
canet}, foih oceuired m women Henna of the bladdei ma}' be 
classified as extiapentoncal pai aperitoneal and mtraperitoneal, accoid- 
mg to the relationship of the henna to the pentoneum In extia- 
pcntoneal hernia of the bladdei the antenoi oi lateral extraperitoneal 
surface of the bladder eiitcis the inguinal or crural canal It is ahvays 
small and laiel} gi\es use to s}mptoms It takes the foim of a direct 
inguinal henna In paiapentoneal henna of the bladdei the henna ma} 
be direct oi indirect , the bladder ahva\ s lies on the mnei side of the 
hernial sac The serous covering of the superioi sui face of the bladder 
wall form the innei wall ot the jjeritoneal sac It is the most common 
of the three vaneties and the easiest to ticat successfully The bladder 
is usually situated at the inner and posterioi pait of the pentoneal sac 
Dining opeiation. when the sac is dissected from the constituents of 
the speimatic cord, a definite increase m the thickness of the sac will 
be observed, and caieful gauze dissection will demonstrate the adherent 
bladder Intrapeiitoneal henna of the bladder is a rare condition, but 
is more common than that of the extrapentoneal variety In Wakeley’s 
senes of forty cases, it occurred in fourteen These hernias usually 
are large, secondary m origin and piactically ahvacs m the inguinal 
region Theie is a complete hernial sac, and the upper and posterior 
part of the bladder enters the sac, wdnch is external to the deep epi- 
gastric artery Fiequently the hernial sac contains, besides the bladder, 
loops of small and large intestine and omentum 

Any factor which increases the volume of the bladder favors henna 
of the bladder, consequently stricture of the urethra and prostatic 

17 Wakeley, C P G Henna of the Bladder Its Etiologi and Treatment 
Bnt J Urol 2 1 (Harch) 1930 
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enlargement aie piecUsposuig factors in old men, and a tight prepuce 
01 a pinhole meatus may be considered predisposing factois in infants 
Pregnancy is the most common predisposing factor m women In the 
male the bladdei is in closer relationship with the internal inguinal 
tossae and hernia of the bladdei is more often associated with direct 
than with oblique mgumal henna In aged patients the hernia is likely 
to be large, owing to lelaxation of the musculatme of the abdominal 
uall and musciilai atoii}- of the bladder 

When a paiapeiitoneal henna of the bladder is discovered during 
operation, the treatment should vary according to the size of the henna 
and its relation to the sac If the hernia is small, it can be separated 
from the peritoneal sac by gauze dissection and mvaginated into the 
abdomen, a puise-stimg sutuie being mseited through the flooi of the 
inguinal canal to pi event lecuiience If the peritoneal sac covers a 
consideiable portion of the bladder it should not be shipped oft, excision 
should be peifoimed aiound the bladder attachment on the inside, going 
up as high as the abdominal ring on the outside wheie the sac is quite 
tiee The bladdei is then mvaginated and kept in place by a purse-string 
suture Should the flooi of the inguinal canal prove to be too weak 
and recun ence is expected, a flap from the anterioi sheath of the rectus 
muscles may be turned outwaid and siitined to the internal oblique 
muscle After taking care of the vesical henna, opeiation is peiiormed 
for the inguinal or femoral hernia 

Cystitis — Mills found few reports m the liteiature of gas- 
containing cysts oi vesicles in the wall of the uiinary bladder of the 
human being Cystitis emphysematosa is a pathologic entity, being a 
localized lesion confined to the inner layers of the uall of the bladder 
and not a pait of a generalized gas-producing bacterial infection The 
name indicates an inflammatoiy condition of the bladdei associated uith 
the presence of gas vesicles m the tissues 

Mills leported three cases of cystitis emphysematosa occurring m 
men, disposing of the previously assumed limitation of this disease to 
i\ omen The last C} stoscopic examination of one patient was performed 
about foui months before death , had cystitis emphysematosa existed at 
that time it might have been recognized The other two patients did 
not piesent urinary symptoms for which a cystoscopy would have been 
indicated The piesence of marked evidence of both acute and chronic 
cjstitis and of lecent and old hemorrhage indicated that cjstitis had 
existed for a considerable time before death 

18 Millb, R G Cjstitis Empl^^ sematosa I Report of Cases in Men, T Urol 
23 289 (March! 1930 ' 
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Diania(j( — LousIc\ stated that supiapubie eystostomy as a pie- 
Imiinan i)ioceduie in pie])aiiny foi a moie ladical opciation has a 
definite \aliie in suigei} J lie moitalit) latc is unusually low in cases 
in which piehnnnan di, image is done, consideiing the age and pool 
gencial condition ot the patients on whom opciations have been pei- 
loinicd This is i)aiticulail\ tiuc m cases m wdnch the jji estate gland 
IS enlaigcd and letention ol mine is complete oi paitial lie noted that 
m main cases ol jiiostatic enl.ugement the patients had lecened con- 
sideiahlc ti.uini.i fiom attempts to jiass mstiumcnts In a few’- cases 
ohstiuction was so s(.\cie as to ie(|uiie cwacuation of the hladdei by 
immediate siiinajnihic t\stostom\ m jnefcience to fuithei attempts at 
mtia-uiethial manipulation, even though giadual decompi ession of the 
ovei distended hladdei is desiiable whenevei feasible 

Theie weie 34 deaths (8 9 jiei cent) m 3S1 cases m w’hich the 
hladdei was diamed as a piehmmaiy to piostateetomy foi benign hypei- 
tropln ]’'ift} jiei cent ot the de.iths oeemied m men aged moie than 
70 veais 6 of whom weie moie than 80 The joungest man wdio died 
w’as 50 and the oldest was 89, the avciage being 69 5 years Death 
occuiied aftei fiom one da\ to thiit\-nme da^s the aveiage time being 
twelve and five-tenths days 

Kaufman leviewed 300 diveisified cases m oulei to stud} the 
use of the cathetei m postopeiatnc letention of mine The incidence 
of letention -was 17 pei cent m these eases The incidence ot letention 
w’as highest following opciations on pelvic and abdominal oigans, vaiy- 
mg fiom 18 pel cent m opeiations foi beinia to 31 per cent foi hyste- 
lectonn In a total of 34 abdominal opeiations, including opeiation 
on the gallbladdei , stomach apj^endix and large and small intestines, 
cathetei ization was peifoiined on 23 5 ])ei cent of the patients In 
most cases the mtenal between opeiation and cathetei ization w'as tw’elve 
houi s 

When a cathetei is employed as a loutine foi postopeiatne letention, 
a uiinaiy antiseptic should ahvays be given as soon aftei waul as 
possible, and should be continued foi at least fiom thiee to foui days 
aftei cathetei ization ceases A single cathetei ization does not lequiie 
11 ligation 01 instillation, but lepetition ovei moie than tw’o oi thiee 
davs requiies instillation once a day of either silvei nitiate, 1 2,000, 
oi aciiflavine, 1 2 000, ounce (14175 Gm ) If it is necessaiy to 

19 Lo^vslc^, O S Prchiniiiar> Drainage in Cases of Vesical Obstruction 
with Particular Reference to Stricture of the Urethra, J Urol 23 307 (March! 
1930 

20 Kaufman L R Use of the Catheter in Retention, A.m J Surg 7 783 
(Dec) 1929 
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\\ho twelve }eais previously had had an accident in nhich the knife 
hladc entered in the region of the hip, bioke oft and could not be 
found afterward 

Litholapaxy is not a satisfactoiy pioceduie in cases in which the 
foreign bod\ consists of metal, glass or bone and foiins the nucleus 
of a stone, or -when composed of softer substances such as wood, inclia 
rubbei, chewing gum and paiaffin owing to the difficulty in disinte- 
grating and evacuating the nucleus Some of the toieign bodies float 
to the top of the fluid in the bladder when fiee from the anchoring 
effect of the stone When, at cystoscopy, a stone is seen to be sus- 
pended from the wall of the bladder, it is safei to open the bladder 
to avoid the risk of grasping the wall in the hthotrite in attempting to 
grip the stone Through the open wound the \esical mucosa may 
be examined for further sutures which may be on then way through 
the wall of the bladder 

[Ed^totml Note — The fact that foreign bodies passed into the 
urethra are swallowed oi are left behind at abdominal operations and 
find their way to the bladder even as often as White’s report would 
indicate, is of more than passing interest The association of trauma 
and injury to the bladder and the encrustation of sutuie material is 
familiar to all White’s caution as to the use of the lithotiite in crushing 
the incrustations of foreign bodies is timel) Often much trauma may 
be necessary in disengaging the jaws of the hthotrite, and the cyst- 
ostom} which the surgeon has tried to avoid will have to be performed 
undei less favorable conditions than if it had been the initial procedure ] 

PROSTATE GLAND 

Hypcitjophy — Weiser-" stated that the most common changes 
encountered in cases of adenoma of the prostate gland are infection, 
malignant degeneration and pooi results following pi ostatectomy 
Tuberculosis of the male genital tract, wdiich is usually of hematogenous 
origin, IS not uncommon, and it is not impossible to find tubercles m 
a hypertrophied gland Tuberculosis of the epididymis and seminal 
vesicles is of significance m this relation Examination of clinical 
material in Weiser’s hospital disclosed eight} -seven cases of genital 
tuberculosis, m only one of which the prostate gland alone w as iiivoh ed 
Genital tuberculosis is a disease of youth and adenoma of old age 

A case was cited of a patient aged 72 who had uiinar} retention 
Examination show^ed normal external genitalia and a large prostate 
gland of boggy consistence The urine contained traces of albumin, 
leukocytes, epithelial cells and various t}pes of cocci Prostatectoni) 

22 Weiser, A. Tuberkulose Infektion cler hvpcrtrophitrten Prostata, Ztschr 
f tirol Chir 28 105, 1929 
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^\ah peifoimecl The poslopeiatne convalescence was slow There was 
much coughing and expectoiation hut bacilli of tuberculosis weie nevei 
found The supiapubic fistula was open at the end of five months 
The slow leco^el^ of the patient was explained by finding an old 
cavernous tubeiculous ]Mocess, with contiguous new miliary piocesses, 
111 one lobe of an adenomatous, hypeiti opined piostate gland 

Caiciiwiua — Smith and Pen son stated that the value of tieatment 
foi caicmoma of the piostate gland by high voltage loentgen rays has 
not \et been fiimh established Fiom a study of twenty-five cases of 
caicmoma of the jiiostate gland tieated by high voltage roentgen ra 3 ^s, 
they concluded that pain due to obstiuction and to cystitis is not affected 
by 11 radiation and must be tieated b}’’ appiopnate measures The 
loentgen lays will ielie\e othei t\pes of pain due to piostatic caicmoma 
and metastasis m most instances The duration of relief is variable but 
usually lasts from one to six months aftei each senes of treatments 
In some cases the mahgnanc} of the giowth appears to be reduced, as 
evidenced b} impiovement in the patient’s general condition and in the 
slowing up of the pi ogress of the growth Not moie than three or foui 
series of treatments at mtenals of fiom two to thiee months, should 
be given 

Tube} culo<!n — Lowsley and Duft -■* stated that tuberculosis of the 
prostate gland is a fiequent accompaniment of genital tuberculosis, 
but that it does not occur so often in urinaiy tuberculosis Of the 
genito-urinary oigans, the epididymis is most often affected by this 
disease, the kidney is next m frequency and is followed closely by the 
ureters and bladdei The seminal vesicles are occasionally the site of 
tuberculosis, usually after tuberculous epididymitis of long standing, 
and the prostate gland is least often affected Piimaiy tuberculosis 
of the gland is extiemelv laie Tuberculosis of the genito-uimai}^ 
tract IS found at necropsy m a little more than 2 pei cent of cases of 
pulmonar}^ tubeiculosis In 70 per cent of the cases of urogenital 
tuberculosis there is coincident tuberculosis of the prostate gland, and 
in a small fraction of 1 per cent, primary tuberculosis of the gland 

The diagnosis of tuberculosis of the prostate gland is difficult, 
especially if it occurs m conjunction Avith benign adenomatous hyper- 
trophy or if hard nodules aie discovered on digital examination when 
the patient is of cancer age If it is remembeied that in all cases of 
urogenital tuberculosis the prostate gland is mvoh’^ed m 70 per cent, 
earlier diagnoses can be made and the chance foi cure or of propor- 
tionate lengthening of life is increased 

23 Smith, G G, and Peirson, E L The Value of High Voltage X-Ra-\ 
Therapy in Carcinoma of the Prostate, J Urol 23 331 (March) 1930 

24 Lowsley, O S , and Duff John Tuberculosis of the Prostate Gland, 
Ann Surg 91 106 (Jan) 1930 
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Surgical piocediues are not oiflinanl}^ indicated in cases of tubei- 
culosis of the piostate gland In most cases ya which the tubeiciilous 
gland has been lemoved, it was removed because of a mistake in 
diagnosis It is Lowsle} s piactice to subject all patients to a continual 
period of obsenation and caie Some are given tieatment bj- alpine 
light or h) quaitz light and others are given Koch’s old tuberculin in 
giaduated doses Lowsley and Duff have used tuberculin for moie 
than three }ears, not alone but as an adjunct or subsidiary agent m a 
legimen of treatment consisting of hygienic and dietetic measures, lest 
meicuiy \apor, quartz light, hehothei ap}^ and the urologic measures 
indicated The general plan is to combine the uiologic treatment with 
the tuberculous treatment to the extent it is ajqDlicable and adaptable 
to the needs of the individual patient 

Twenty-one of Lowslej'^ and Duff’s patients with tuberculosis ot 
the piostate gland weie opeiated on, only two operations were on the 
jirostate gland One of the two patients died a few weeks after leaving 
the hospital Another patient improved undei j^alliative treatment 
Eight of the patients weie given tubeicuhn and apparently were 
benefited None of the patients was haimed bv the tubeicuhn 


(To he CoiHiiuic(l) 
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Of the anesthetic agents lecentl)^ intioduced into clinical piactice, 
tnbromethanol apjiears to be one of the most piomising The drug 
was first introduced in Gennany neaily three yeais ago, and theie are 
now from 300,000 to 400,000 cases in which it has been used In spite 
of this fairl}' wide experience with it m Europe, there is still a gieat 
difference of opinion among clinicians regaidmg its usefulness Because 
of this situation, we have attempted to gather togethei the available 
pharmacologic and clinical data, to veiify a few’^ points by experi- 
mentation on animals and, with the knowledge so obtained, to apply 
the anesthetic to the human being 

REVIEW OF THE LITERATURE 

CHEMICAL AND PH\SICAL PROPERTIES 

Tnbromethanol was first piepared, m 1923, by Willstatter and 
Duisberg’- through the reduction of biomal hydiate m yeast-sugar 
fermentation In the manufactuie ot the substance on a commercial 
scale, this method of preparation appaiently has been replaced by a 
purely chemical synthesis The lattei piocess is based on the reduction 
of bromal hydrate by alcohol in the piesence of aluminum ethoxide as 
a catalyst^ The pure drug consists of coloiless monochnic pi isms, 
which are odorless and which melt at 80 C According to Eichholtz,^ 
it dissolves without decomposition in Avater heated to 45 C , but m water 
heated to about 70 C , the dissolved drug slowly hydrolyzes Muth the 
formation of hydrobromic acid and dibi omacetaldehyde On steam 
distillation of a solution of it, it is readily volatile The solution of 
the pure drug m distilled water is neutial to congo red, but if heated 
to the point of h 3 '-drolysis, it becomes distinctly acid to this indicator 
It is therefore lecommended that solutions of the anesthetic be made 
~ # 

Submitted for publication, March 17, 1930 

* From the Departments of Anesthesia and Pharmacology of the University 
of Wisconsin Medical School 

1 Willstatter, R, and Duisberg, W Zur Kenntnis des Trichlor- und Tri- 
bromathyl-Alkohols, Ber d deutsch chem Gesellsch 56 2283, 1923 

2 British patent no 235,584, June 12, 1924 

3 Eichholtz, F Ueber rektale Narkose mit Aiertin (E 107) Pharmakolo- 
gischer Teil, Deutsche med Wchnschr 53 710, 1927 
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at a temperatuie not m excess of 45 C, and that they be tested with 
0 1 per cent solution of congo red prior to instillation into the rectum, 
in Older to avoid intestinal irritation resulting fiom the acid products 
of hydrolysis When an aqueous solution of tribi omethanol is permitted 
to stand for seveial days at room temperature, some decomposition takes 
place For this reason, it has been recommended that solutions for rectal 
anesthesia be piepared less than twelve hours before use Blomfield 
and Shipway * showed that 3 per cent solutions kept in the dark at room 
temperature remain neutral to congo led for about forty-eight hours 
They quote othei English workers who found no decomposition m a 3 
per cent solution kept at room tempeiature foi fourteen days, while 
Pai sons ^ claimed to have kept solutions exposed to light and air f oi as 
long as three months without evidence of decomposition Blomfield and 
Shipway obseived that exposuie of the solution to ultraviolet light 
produced rapid h} di olysis The drug dissolves i eadily in alcohol, ethei , 
ethyl acetate, chloroform, acetone, petrolic ether and similar organic 
solvents It may be distilled in a high vacuum without decomposition , 
its boiling point at 1 1 mm pressui e is 93 C 

PHARMACOLOGIC ACTION 

Dosage — Experiments b}'' Eichholtz ^ indicate that the response of 
different species of animals used in ordinary laboratory experimentation 
varies over a considerable range Thus, in cats, anesthesia is obtained 
following the oral administiation of 0 15 Gm per kilogram of weight 
Mice and rabbits, on the othei hand, leqmre oral doses as high as from 
0 5 to 1 6 Gm per kilogram of body weight in order that anesthesia mai 
be produced Administration by rectum produces similar variations 
Alice lequiie only fiom 0 08 to 0 15 Gm per kilogram for the production 
of deep anesthesia, whereas dogs require 015 Gm pei kilogram When 
administered by lectal injection, the minimum lethal dose for expeii- 
mental animals is from 75 to 100 per cent in excess of the anesthetic 
dose Eichholtz tested the possibility of chionic poisoning from repeated 
injection of the drug by giving daily rectal doses of from 0 4 to 0 5 Gm 
per kilogram to v hite mice over a period of seven weeks No tolerance 
to the drug was observed, and a pathologic examination of the tissues 
of these animals re^ ealed no lesions Induction of anesthesia in animals 
following rectal administration is rapid, the rate of recovery of rabbits 
irom such anesthesia is said to be twice as rapid as that from chloroform 

4 Blomfield, J, and Shipway, F E The Use of AAcrtm for Anesthesn, 
Lancet 1'546, 1929 

5 Parsons, F E Some Pharmacological Aspects ot \\crtin, Brit N J 
2-709 1929 
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anesthesia and as fast as lecoveiy fiom ethei Lendle ® found that fast- 
ing animals weie moie susceptible to the effect of the anesthetic 

Absojphon — Straub studied the late of absorption of the drug from 
the intestinal tiact in thiee human beings m whom tiibiomethanol was 
used as a rectal anesthetic They weie peisons of vaiying susceptibility 
to the drug and were studied m ordei to deteimine whether or not 
lesistance to oi susceptibility to the diug was leflected in the rate of its 
absorption from the intestine His lesults indicated that so far as rate 
of absorption is concerned, theie is no difference between the susceptible 
and the lesistant subject The diug was shown to have been almost 
quantitatively absoibed within a period of two houis following its 
administiation c 

Sebening ® show'ed that the concentiation of the drug in the Dlood 
stream rises to a maximum of 9 mg pei hundred cubic centimeters 
twenty minutes after the rectal administiation of the anesthetic solution 
This concentration falls lapidly to 3 mg per bundled cubic centimeters, 
and then slowly to 015 mg pei bundled cubic centimeteis, a concen- 
tiation at which awakening takes place 

That the rate of absoiption of the diug fioni the intestine vanes 
considerably during an anesthesia of two and one-half hours’ duration 
IS demonstiated by one of Straub’s experiments This showed that 
during the fiist seventeen minutes following rectal administration of 
the drug in 3 pei cent solution, the tiibromethanol was absorbed at the 
late of 0 47 Gm per minute, and water was absorbed at the rate of 14 6 
Gm per minute Three fuithei rectal injections of the drug made at 
subsequent inteivals of from appioximately one-half to one hour 
indicated that the rate of absorption of the drug through the intestinal 
wall had fallen to a value of from 0 04 to 0 08 Gm per minute, while 
the rate of absorption of water had fallen to a value of from 1 to 2 Gm 
per minute This experiment show'-s clearly that the permeability of the 
intestinal wall decreases following the first lectal injection of tn- 
bromethanol 

Excretion — Endoh ® demonstiated that tribromethanol is excreted 
in the urine of dogs and labbits m conjugation with glycuronic add 
This was confirmed by Straub^® in his study of the excretion of thf 

6 Lendle, L Experlmentelle Untersuchungen uber die Dosienirg 4’/- 
Elimination des Avertins, Narkose u Anaesth 1 239, 1928 

7 Straub, W Rektalnarkose mit Avertin (Resorption und , 

Munchen med Wchnschr 75 593, 1928 

8 Sebening, W Report of 52nd Annual Meeting of German 
Berlin, April 11-14, 1928, Zentralbl f Chir 55 1360, 1928 

9 Endoh, C Ueber das Verhalten des Tribromdthjl-Allc^''' T'^' — er 
Biochem Ztschr 152 276, 1924 

10 Straub, W Rektalnarkose mit Avertin II AusrcrerLr-" ^ 

virkungen, Munchen med Wchnschr 75 1279, 1928 ' 
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surgical anesthesia requires 64 pei cent of the fatal dose This is in 
line with expel lence with othei geneial anesthetic agents, the dose ot 
which for stiigical anesthesia is believed to repiesent appi oxiinatety from 
two-thiids to thiee-fouiths the fatal amount 

Effect on Blood Cliemistiy — study of the acid-hase equilibiiuin 
during anesthesia from tribromethanol by Wymer and Fuss showed 
that this drug more closely lesembles chloioform than ether in its 
tendenc}'- to produce acidosis in experimental animals During anes- 
thesia in the human being, the hydrogen ion concentration of the blood 
was found to lemain practically normal The blood sugar rose sharply, 
but returned to the noimal range m fiom six to twenty-four hours after 
the induction of the anesthesia The alkali reserve was not materially 
altered 

Expel iments by Stiasn}^ show'^ed that the calcium content of the 
blood seium is decreased fiom 7 to 13 pei cent during anesthesia 
produced b} tribromethanol In this lespect, tnbi omethanol is similai 
to ether 

CLINICAL APPLICATION 

Since tribi omethanol has been used by numerous European clinicians 
in obtaining general anesthesia in cases numbering to hundreds of 
thousands, it is difficult to make a complete resume of all the vanous 
technics emplo}ed The excellent review of Killian,-® the reports of 
Anschutz and of Blomfield and Shipway,^ the two questionnaires of 
Schwalbe and the symposiums of the German surgical societies 
provide a simple method for obtaining a fan appi oximation of preMous 
experience with this new type of rectal anesthesia A more recent 
leport by Guttman gives a resume of the lecent expeiiences of Ger- 
man rvoikeis For detailed data, the oiiginal literature must be con- 
sulted 

23 Wj^mer, I , and Fuss, H Die Saurebasenverhaltnisse bei der Avertin- 
narkose, zugleich ein Beitrag zur pathologischen Physiologic der Avertmnarkose, 
Deutsche Ztschr f Chir 211 281, 1928, Fine vergleichende Studie uber die 
Saurebasenverhaltnisse bei der Ather-Chloroform und Avertmnarkose, Narkose u 
Anaesth 1 283, 1928 

24 Stiasnj’’, H Ueber Narkose mit Avertin (E-I07) und ihren Emfluss au 
den Serumkalziumspiegel beim Hunde, Tierarztl Rundschau 33 871, 1927 

25 Killian, H Die bishengen Ergebnisse mit der Avertinrektalnar ose, 

Narkose u Anaestli 1 16, 1928, Avertin-Rectal Anesthesia The Resu ts 
Date, Brit J Anesth 5 168, 1928, 6 48, 1928 ^ 

26 Anschutz, W Zur Eroffnung einer allgemeinen Aussprache u er 

A% ertinnarkose, Zentralbl f Chir 55 2371,1928 , 

27 Schwalbe, J Der gegenw^artige Stand der Avertmnarkose Erne 
Deutsche ined Wchnschr 53 2064, 1927, Ueber die Avertmnarkose m r o 
ibid 54 558, 1928 

28 Guttman, J R Rectal Anesthesia with Tribrometlnlalcohol, Ann 

90 407, 1929 
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Pi canesthctic Medication — The geneial plan of the pieanesthetic 
technic employed by most of the Geiman workers is unifoim The 
intestinal tiact is emptied by an enema oi mild cathartic the evening 
befoie the opeiation. and the patient is placed on a liquid died Barbital 
is also given the evening befoie The morning of the operation a 
hjpodermic injection of pantopon, morphine, scopolamine or narcophme 
is given about one and one-half hours piioi to the administration of 
tiibiomethanol Theie is a wide i^ariation of opinion regaiding the 
advisability of giving such pi eanesthetic naicotics Altliough Kreutei 
leported better anesthesia without these naicotics, the majority of the 
clinicians use one or moie of these drugs, administered by hypodermic 
injection 

Pi epaiotwn of Solution — Tribromethanol is usually administered m 
3 pel cent solution m distilled water at body tempeiature In ordei to 
hasten solution, the cnstalhne diug is dissolved in warm water at 
tempeiatures not to exceed 45 C A few clinicians lecommend tempei- 
atuies not in excess of 60 C Because of hj^drolysis, solutions aie not 
used moie than twelve houis aftei their preparation It is customary 
to test the solution with congo led just prioi to its administration 
Anv solution giving an acid reaction must be discarded 

Although most suigical clinics use tiibiomethanol in 3 pei cent 
solution, a few have found it advisable to work with lowei concen- 
trations Glaesmei and Ameisbach®® varied the concentiation of the 
diLig between the limits of 2 per cent and 3 per cent depending on the 
age of the patient In aged patients, low concentrations and low dosages 
aie employed, wheieas m youthful patients a higher concentration is 
utilized Mai tin leported good results with 2 5 per cent solution of 
the drug, but no advantage appeals to obtain fiom the employment of 
the more dilute solution 

In place of distilled watei, some woikers recommended physiologic 
solution of sodium chloride as a solvent foi the drug Nordmann®® 
seemed to have difficulty with intestinal irritation following the use of 
aqueous solutions The use of 1 per cent salep mucilage as a solvent was 
found to obviate this difficulty Other workers use milk as a solvent 

29 Kreuter, E Sechshundertfunfzig Rektalnarkosen mit A%ertin (E 107), Zen- 
tralbl f Chir 54 3074, 1927 

30 Glaesmer, E , and Amersbach, R Zur Kntik der Avertinnarkose, Munchen 
nied Wchnschr 74 1835, 1927 

31 Butzengeiger, O Zur Avertm Aussprache, Zentralbl f Chir 56 204, 1929 

32 Melzner, E Zur Beurteilung der Rectalnarkose mit E 107 (Avertm), 
Arch f klin Chir 148 698, 1927 Lobenhoffer, W Ueber Narkosen nut E 107, 
Munchen med Wchnschr 74 849, 1927 

33 Nordmann, O Die Rektalnarkose mit E 107, Zentralbl f Chir 54 1055, 
1927 
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The majorit} of Geiman clinicians lepoit little difficulty fiom intestinal 
nutation when neutral aqueous solutions are used 

A recent modification by Schulze®^ is the use of a solution of tii- 
bromethanol in ainylene hydiate (tertiary amyl alcohol) A solution may 
be obtained, 1 cc of which will contain 1 Gm of tnbromethanol and 

0 5 Gm of amylene hydrate Apparently this solution is comparatively 
stable Amylene hydrate is said to be not only a good solvent foi the 
drug, but the ease of volumetric measuiement of such a solution avoids 
the necessity of weighing out the drug One may simply measure out 
the requisite dose of diug with a pipet and add the necessaiy amount 
ot water at body tempeiatuie Amylene hydrate exerts a mild narcotic 
efifect of Its own, and is said to have a stimulating effect ontheiespiiatory 
center which partially offsets the depressing effect of the tiibiomethanol 

Dosage — The dosage of tnbromethanol employed by German 
workers in pioducing general anesthesia has varied from 008 Gm pei 
kilogiam to over 0 2 Gm per kilogram The first American workeis 
to report on the use of tnbromethanol as a rectally administeied anes- 
thetic were Honan and SpiegeH® They lecommended dosages of from 

01 to 0 15 Gm per kilogram of body weight, although m the cases that 
they reported the patients were all treated with from 015 to 0 175 Gm 
per kilogram of body weight Few clinicians exceed 0 15 Gm pei 
kilogram, and the general trend seems to be toward a dosage of 0 125 
Gm per kilogiam oi less Most of the deaths leported during tribro- 
methanol anesthesia have followed the administration of doses of 0 15 
Gm or moie pei kilogram of body weight According to Nordmann, ® 
the dose recommended by the manufacturer of the drug is 0 1 Gm 
per kilogram Roller came to the conclusion that 0 15 Gm per 
kilogiam IS too high a dose in a case of pulmonary involvement 
Butzengeiger used a scheme of fiactional dosage that appears to 
have worked out satisfactoiily The method is to give a basal dose of 
0 1 Gm pel kilogram If sleep has not supervened in from five to 
seven minutes, a furthei injection of 0 025 Gm pei kilogiam is given 
If this still fails to produce surgical anesthesia in another ten oi 
fifteen minutes, a final injection of 0 025 Gm per kilogram is given 
This makes a total of 0 15 Gm per kilogram, which he does not 
lecommend exceeding If necessar}, deepei anesthesia is obtained b) 

34 Schulze, W Ueber Rektalnarkosen nut A^ertm-Am^Ie^hvdratlosllng, 
Deutsche med Wchnschr 54 1928, 1928 

35 Honan, W F, and Spiegel, A Colonic Anesthesia with A\ertin, J 

Inst Homceop 22 7, 1929 g, 

36 Roller T Avertinnarkose bei Phrenicusexairese, Zentralbl f 

2498, 1928 „ 

37 Butzengeiger O Klinische Erfahrungen nut Avertin (E 107), 
nied Wchnschr 53 712, 1927 , footnote 31 
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supplemental y inhalation of ethei Schulze uses a similar method, 
but employs 0 125 Gm pei kilogiam as the usual basal dose foi adults, 
and 0 15 Gm per kilogiam foi childien In either case, only one addi- 
tional injection of 0 025 Gm pei kilogiam is made, if the desired grade 
of anesthesia is not obtained 

The obvious tiend of Euiopean technic in producing anesthesia 
with tribi omethanol is toward a moie conservative scheme of dosage 
This is accomplished by administering a basal dose followed by a 
succeeding dose if needed, oi by supplementing the basal tnbromethanol 
anesthesia by means of inhalation or local anesthesia The lattei method 
IS advocated by the English clinicians ■* 

Depth and Duiafion of Anesthesia — The depth and duiation of the 
anesthesia following rectal administiation of ti ibi omethanol vary 
widely in different pei sons Although Roith was unable to observe 
any variation of susceptibility in patients of diffeient ages, most woikeis 
repoit a deci eased i espouse of childien to the anesthetic Schulze^* 
found that while only 30 pei cent of children (from 1 to 10 yeais of 
age) were completely anesthetized b}'' the drug, from 55 per cent to 
75 per cent of oldei subjects (from 10 to 70 years of age) were 
completely anesthetized by a similar dose Statistics given by Roith,®® 
Kreuter,^® Conrad and Lobenhoffer indicate that at single doses 
of fiom 0 12 to 0 15 Gm per kilogiam, about 60 per cent of all patients 
give complete surgical anesthesia In from 15 per cent to 30 per cent, 
a small amount of accessoiy anesthetic (ethei, ethyl chloiide, acetylene, 
ethylene or methylene chloride, but not chloioform) was required for 
securing the necessary depth of narcosis A similai percentage lequired 
a modeiate amount of accessory anesthetic, but only fiom 3 to 10 per 
cent required considerable quantities of additional anesthetic 

Accoiding to European clinicians, blood piessuie undei tiibrom- 
ethanol anesthesia usually either lemains unchanged or falls slightly 
(from 10 to 30 mm mercur}’^) Respiiation is not greatly affected 
The pupils are constricted A chaiactenstic flushing of the face has 
been noted The body tempeiatuie falls slightly Cyanosis is said to be 
comparatively lare 

In the Euiopean clinics, administration of the solution is accom- 
plished by means of a small rubbei catheter and syiinge The catheter 
is usually inseited into the lectum to a depth not in excess of 20 cm 
Lobenhoffer devised a rectal tube fitted with a rubber balloon, which 
is sepal ately inflated so as to prevent leakage of the anesthetic solution 

38 Roith, O Zur Avertinnarkose, Munchen med Wchnschr 75 598, 1928 

39 Conrad, G Khnische Erfahrungen uber die Rektalnarkose nut Aiertin 
(E 107) bei gynakologischen und geburtshilflichen Operationen, Zentralbl f 
Ginak 51 2222, 1927 

40 Lobenhoffer (footnote 32, second reference) 
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According to the Geiman clinicians, one of the most desiiable 
features about tnbromethanol anesthesia is the ease of its induction 
and of lecovery from it and the comparative freedom from nausea and 
^omltlng Following the administration of the anesthetic, the patient 
becomes more and moie drowsy and m about seven minutes has fallen 
into a deep sleep In fiom fifteen to twent}'^ minutes, anesthesia has 
leached the depth required foi operation The duiation of deep anesthesia 
varies considerabl}'^ over a lange of from one to six hours, depending 
on the person and the dose This is followed by gradual awakening 
There is no peiiod of excitement during either the induction or the 
recovei) Nausea and vomiting are said to be extremely rare, except 
m cases in which considerable ethei has been used as an additional 
anesthetic The patient has no lecollection of anything that has taken 
place during the latter period of the induction or during the operative 
procedure Levy-Dorn considered these desiiable aspects of tribroin- 
ethanol anesthesia to be of gieat importance m the justification of its 
clinical use 

Dangeis and Remedies — The chief dangers encountered in the use 
of tnbromethanol for the production of anesthesia (aside from the use 
of overheated, h}drolyzed solutions and overdosage) appear to be inci- 
dental to excessive depiession of the respiration and circulator) mecha- 
nism and impairment of the secietory organs through which the drug is 
detoxified Embarrassment of respiration and heart was successfully 
handled by Melzner by the intiavenous injection of caffeine and 
epmephiine oi bv washing out the intestine with a caffeine solution 
The antidotal action of caffeine injected intravenously was demonstrated 
in animals by Herzberg Such injections were found to have a marked 
effect in shortening the duration of narcosis, as well as in decreasing 
its depth He was unable to protect animals against the ordinarily fatal 
dose of tnbromethanol by means of the injection of caffeine, howevei 
Theie appaiently is a difference of opinion as to the value of ephedrine 
in combating circulatory depression during tnbromethanol anesthesia 
Schmidt 1 eported beneficial effects and recommended it as a prophy- 
lactic agent, while Schrank found it to be of no value As has been 
pointed out earlier in this discussion, several clinicians found carbon 

41 Lev\-Dorn M Vergleich zwischen Aether- und Rektal-narkose mit E 10/ 
(A^ertin), Med Kim 23 871, 1927 

42 Herzberg, M H Pharmakologische Versiiche mit Avertm, Deutsche me 
M'chnschr 54 1044, 1928 

43 Schmidt, H Das Ephedrm m der operatuen Praxis, Zentralbl f C 

55 3207 1928 ^ 

44 Schrank, H Avertm und Kreislauf, Zentralbl f Chir 55 3205, 
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dioxide to be of no value in stimulating respiiation duiing the anesthesia 
The efficacy of lobeline as a lespiratoiy stimulant does not seem to ha\e 
been satisfactorily established Tiibromethanol foi the production of 
anesthesia is said to be conti amdicated in cases of damaged kidneys 
and liver, seiious hypertension and cachexia In addition to its use 
m general surgeiy, the anesthetic has found application in psychiatiy 
111 the handling of excited patients Its use m childbirth does not seem 
to have met with such great success ■*“ Lawen found it to be of value 
m the treatment for tetanus 

Deaths that are fairly attiibutable to reasonably conservative doses 
of tnbromethanol are compai atively rare Glaesmei and Amersbach 
cited records of 13 deaths in 3,000 anesthesias They further analyzed 
these 13 fatal instances and showed that, m general, the deaths were m 
connection with the use of hydrolyzed anesthetic solution, overdosage 
01 a poor giade of surgical risk Similar estimates of the mortality from 
the use of tnbromethanol for the production of anesthesia have been 
made by Kotzoglu and by Konig A latei estimate of the moitahty 
in tnbromethanol anesthesia is 1 m 7 500 

PHARMACOLOGIC STUDIES OF TRIBROMETHANOL 

The first preparation of tribi omethanol used was supplied by Dr 
Helmut Schmidt of the Hambuig-Eppendoif Hospital, Germany A 
fuither supply was provided by the Wmthrop Chemical Company 
It was a white, crystalline powder melting sharply at from 79 5 to 80 C 
Chemical analysis by the Carius method showed the product to contain 
84 9 per cent bromine, which corresponds favorably with the theoietical 
value of 84 8 pei cent for tnbromethanol 

45 Blume, G Ueber Avertin in der Psychiatric, Deutsche med Wchnschr 
53 1307, 1927 Enke, W , and Westphal, K Avertin als Hypnotikitm und Dauer- 
schlalmittel in der Psychiatric, Ztschr f d ges Neurol u Psychiat 114 616, 
1928 

46 Martin, E Avertin in dcr Geburtshilfe, Monatschr f Geburtsh u Gynak 
76 241, 1927 Rodecourt, M Ueber Avertinnarkose bei gynakologischen Opera- 
tionen, Narkosc u Anaesth 2 39, 1929 Ujma, A Die Rektalnarkose bei 
gj nakologischen Operation, Narkose u Anaesth 1 329, 1928 Mey, R Avertin- 
dainmerschlaf, Zentralbl f Gynak 52 1127, 1928 Kienhn, H Bestrebungen 
zuin Ausbau des gcburtshilflicben Daminerschlafes, Zentralbl f Gynak 52 1946, 
1928 

47 Lawen, A Weitere Erfahrungen iiber die svinptoinatischc Bchandlung des 
Tetanus init Aiertin, Zentralbl f Chir 55 194, 1928 

48 Kotzoglu, P Ueber die Todcsfalle in A\ertinnarkose, Zentralbl f Chir 
56 2206, 1929 

49 Konig Zentralbl f Cbir 56 1895, 1929 

50 Proceedings of the Northwest German Surgical Socict\, Dec 14-15, 1928 
(A\crtin Aussprache), Zentralbl f Cbir 56 995, 1929 
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PRELIMINARY ESTIMATIONS 

Soluhihfy — Solutions of known concentration from 0 5 to 3 pei 
cent of tribromethanol in distilled water were prepaied and then 
lefractive indexes detei mined at 40 C by means of the immeision 
refractometei Fiom these data, the concenti ation of any solution in 
the range from 0 to 3 5 pei cent ti ibromethanol could be calculated 
from Its lefi active index Satuiated solutions of tribromethanol in 
distilled water weie prepaied at loom temperatures vai}ing fiom 0 to 
37 C , and the lefi active indexes of such saturated solutions were detei - 
mined at 40 C The solubility of tnbioniethanol in this lange of 
temperatuie is indicated in table 1 Fiom table 1, it would be expected 
that a 3 pei cent solution would deposit ciystals of tnbioniethanol when 
cooling below 25 C 


Table 1 — The Solubility of Tub) omethanol at Tempo atuies fiom 0 to 37 C 


Temperature, C 

Grams Tribromethanol per 100 Cc Solution 

0 

1 90 

9 

2 15 

20 

3 05 

37 

3 70 


Table 2 — Results of Inti apei itoneal Injection of TnbiometlianoH in Rats 


Dosage, Gm per Kg Results 

0 50 Three animals died in fifteen minutes 

0 43 Of three animals, two died within fifteen minutes 

0 40 Of fl\e animals, one died within fifteen minutes . 

0 1) Of elt\en aniimls, one died in fifteen minutes, surgical nnosthena la'icii 

from twenty to forty minutes 

0 SO Light anesthesia lasted for from twenty to thirty minutes 

0 20 Sleep lasted for nine minutes 


* Three per cent aqueous solution of the crjstals 


Stability toivaid Hydi olysis — study of the changes in the htdro- 
gen ion concentration of tiibi omethanol solutions undei vai}ing 
conditions was made The oiiginal solutions were prepaied in the usual 
way by dissolving ciystals of tribi omethanol in ordinary distilled 
water at 40 C Such solutions had the same hydrogen ion concentration 
as the watei (fiom 5 8 to 6) The hydiogen ion concentiation uas 
determined by the coloiimetiic method, the indicator senes of Clarke 
being used The lesults aie indicated in the accompanying chart 

TOXICITY AND EPFICIENCY IN EXPERIMENTAL ANIMALS 

Rats — Intraperitoneal injections of tiibi omethanol (o P^r 
aqueous solution of the crystals) pioduced results as set forth in tab e - 
Rats given dail} intraperitoneal doses of 0 3 Gm per kilogiain of 
V eight over a peiiod of a veek showed no evidence of cuiuu ati 
action 
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Tiibiom ethanol in the soluhle foim (66 pei cent hy weight of 
ti ihromethanol and 34 pei cent of tertiaiy amyl alcohol) was found to 
he slightly moie toxic to rats than the crystalline foim of the ditig 
The amyl alcohol appaiently adds slightly to the toxicity of the piepaia- 
tion, since the aveiage fatal dose was i educed fiom 0 45 to 0 37 Gm 
per kilogram of body weight 

Rabbits — The maximum oial dose which may safely be administered 
to labbits IS about 0 8 Gm per kilogiam of body weight (given in 3 
per cent aqueous solution) This gives an anesthesia lasting fiom about 



Changes in the h3'drogen ion concentration of solutions of tnbromethanol under 
\arious conditions 

twenty to forty minutes A model ately deep anesthesia, lasting from 
nine to twenty-foui minutes, is obtained with 0 7 Gm per kilogiam, 
given 01 ally Lower doses produce sleep, but no anesthesia 

Intravenous doses of 3 per cent aqueous solution of tnbromethanol 
produced a sudden but brief anesthesia A slowly injected dose of 0 2 
Gm per kilogram of body weight was about the maximum that was tol- 
erated This pioduced anesthesia foi approximate!)" fifteen minutes 
A dose of 0 15 Gm per kilogram gave surgical anesthesia for onl) a 
few minutes, followed by a deep sleep of about ten minutes Doses 
of 0 10 Gm pel kilogram produced onh a deep sleep 
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In order to asceitam the effect of tiibromethanol on eiythioc}tes, 
rabbits’ blood was added to solutions of the drug made up in physio- 
logic solution of sodium chloride At 37 C complete hemolysis was 
observed within fifteen minutes in concentrations of 1 5 pei cent and 
2 per cent tribromethanol One pei cent solution piodticed partial 
hemolysis Blood taken from rabbits that had received intiavenous 
injections of 0 2 Gm of tiibromethanol per kilogram gave no ewdence 
of hemolysis on centrifugation Animals so anesthetized did not develop 
a hemoglobinuria Any extensive hemolysis due to the low concentra- 
tion of the injected drug seems impiobable Application of a 3 pei 
cent aqueous solution of crystals of tribromethanol to the rabbit’s coinea 
produced no apparent painful sensation, but gave rise to an anesthesia 
that was maintained for approximately twenty minutes That slight 
irritation was produced was evidenced by the resulting congestion of 
the blood vessels of the ej'^e A 3 per cent solution of tribromethanol 
prepared from the fluid (67 per cent tribromethanol + 33 per cent 
amylene hydrate), when instilled into the conjunctival sac of a rabbit, 
produced somewhat greater congestion than the solution prepared from 
the crystalline form of the drug No permanent harmful effects were 
observed 

ProtecUon Against Tovtc Effect<: of Cocaine and Piocaine — Since 
tiibiomethanol has been recommended as a basal narcotic for local 
anesthesia, particularly in ophthalmologic work, the question of its pos- 
sible effect on the toxicity of local anesthetic agents was raised Rabbits 
weie given an ordinary anesthetic dose (oral), 0 7 Gm of tribromethanol 
per kilogram of body weight followed at once by a subcutaneous injec- 
tion of cocaine hydi ochloride It was found that rabbits that ordinarily 
succumb to an injection of 100 mg of cocaine hydrochloride per kilo- 
gram will withstand 300 mg per kilogram under tiibiomethanol anes- 
thesia The oidinary fatal dose of piocame hydrochloiide for rabbits 
IS 800 mg per kilogiam Undei tiibromethanol anesthesia, rabbits sur- 
vived doses of 1 2 Gm of procaine hydrochloride pei kilogram It is 
thus evident that tribi omethanol anesthesia acts as a piophylactic agent 
against three times the ordinary fatal dose of cocaine hydiochloiide, and 
1 5 times the oi dinary fatal dose of procaine hydrochloride 

Dogs — In accordance with the recommended technic for piodiicing 
anesthesia in man b}^ rectal injection of tribromethanol, in dogs the 
administration of the anesthetic was preceded by a subcutaneous dose 
of moiphine sulphate This consisted of a total dose of from 30 to 
mg of moiphine sulphate for each animal, administered about thirt) 
minutes before the injection of tribromethanol The tribromethano 
was given in a fleshly prepared 3 per cent aqueous solution, v Inch v as 
tested with Congo red indicator to insure freedom from the acid pro nets 
of h}diohsis The dosage ranged from 0 3 to 0 5 Gm per kilo-,rai 
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of body weight Surgical anesthesia developed uithin fiie minutes from 
the time of rectal administration and lasted for from fifteen minutes 
to one and one-half hours It uas noted that the more emaciated 
animals showed anesthesia of greater duration Respiration was usual!} 
slowed but the pulse rate was not markedly altered When no pre- 
anesthetic dose of morphine was given, doses of from 0 26 to 0 33 
Gm of tribromethanol pei kilogiam of body w’^eight produced a deep 
sleep, but the duiation of surgical anesthesia was ne\er more than six 
minutes The lectal temperatuie of the animals fell consistent!} during 
the anesthesia 

Three animals w'^ere given repeated rectal injections of from 0 3 to 
0 4 Gm of tiibromethanol per kilogiam of bod\ w^eight, preceded b} the 
usual dose of from 30 to 45 mg of morphine sulphate The anesthetic 
w^as given at mteivals of from two to five da}s until each animal had 
received the anesthetic eight, fourteen and tw^enty times Two of the 
three animals had pulmonary infection during the experiment, possibh 
brought on b} unavoidable chilling during the anesthesias One of the 
animals had pulmonary and renal tuberculosis These tuberculous 
lesions ha\e not been included m the pathologic description No marked 
alteration in susceptibility to the anesthetic was noted All animals, 
how'e^er, lost w'^eight during the series of anesthesias The animals 
w'eie finally killed and examined post mortem The observations at 
autopsy w^ere as follows 

The heart showed no gross changes In histologic examination, it showed 
slight hydropic degeneration 

In one of the three animals, gross inspection of the lungs indicated pneumonia 
Histologic examination show^ed acute bronchial pneumonia in this case and tuber- 
culosis in another case The lungs of one animal that had received twentv 
anesthesias w'ere normal both grossly and microscopicallj 

On gross observation the liver presented possible fat On histologic examina- 
tion, the parenchyma showed marked swelling of the cells, which almost obliterated 
the capillary field The individual cells w^ere extremeh pale and vacuolated, and 
showed coagulated, eosin-stainmg granules throughout The vacuoles were evi- 
dentlv serous rather than fattv In one case, most of the cells were distincth 
atrophic 

A'licroscopic examination of the kidnevs showed congestion of the glomeruli 
and parenchv matous degeneration of the tubules, with much albumin in the lumen 
In two cases, there was some boundarv zone necrosis with serous vacuoles in the 
living cells In one case, there were localized areas of Ivmphatic polvmorpho- 
nuclear infiltration of the interstitial tissue 

There was evidence of damage to the corpuscles of the spleen in all three 
cases, one showing necrosis, the other two hvperplasia There was accumulation 
of hemosiderin in two cases 

The pancreas was normal 

In one case, acute ulcerative colitis was noted 

51 Prof C H Bunting of the Department of Pathologv of the Universitv of 
Wisconsin made the pathologic studies 
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Intiavenous injection of 3 per cent solution of tiibromethanol in 
physiologic solution of sodium chloride into dogs produced a sudden hut 
brief anesthesia Doses of fioni 0 06 to 0 12 Gm per kilogram of body 
weight produced surgical anesthesia of from seven to ten minutes’ duia- 
tion Recovery was rapid 

A 3 per cent solution of tribromethanol in physiologic solution of 
sodium chloride was administered to several dogs without previous medi- 
cation From 2 to 4 cc per kilogram lesulted in instantaneous anes- 
thesia of duiations varying with the dosage Anesthesia was immediate 
and profound Recovery was gradual compared with the induction, but 
rapid compared with the recovery following the use of any other method 
For example, a dog weighing 9 Kg receiving no premedication was 
given 35 cc of 3 per cent solution of tribi omethanol in physiologic 
solution of sodium chloride intravenously Anesthesia was immediate 
and profound, with complete relaxation, lasting ten minutes Gradual 
recovery took place, and eighteen minutes after injection the dog was 
on his feet and eating a dog biscuit with evident relish 

With the assistance of Prof E G Hastings, of the depaitment 
of agricultural bacteriology, the effect of tribromethanol on micro- 
oiganisms was studied In 3 per cent solution, the drug was found to 
have a definite bactericidal action 

CLINICAL INVESTIGATION OF TRIBROMETHANOL 

In June, 1928, through Dr Helmut Schmidt we were foitunate in 
having a clinical demonstration of tribromethanol and the technic of 
its administration Following this demonstration, we began a laboratoiy 
and clinical investigation of the drug 

In view of the foregoing reports quoted from the literature and the 
data fiom the laboratories of pharmacology and experimental surgery 
of the University of Wisconsin Medical School, we felt that the excep- 
tionally comfoi table induction of surgical anesthesia by means of tri- 
bromethanol gave piomise of filling a real need Unieasonable and 
terror-stricken patients, particularly children, aie difficult subjects for 
anesthesia and operation The rectal administration of ethei requires 
such a thoiough preparation and necessitates such elaborate technic that 
a substitute seemed highly desirable 

The technic which we shall describe and which we have followed 
largely throughout our work with tribromethanol is based on the instruc 
tions originally gnen us by Schmidt, and elaborated somewhat as a 
lesult of our own peisonal expeiiences 

TECHNIC 

IFaid Pi epat atwn of Patient — Sufficient bland enemas (nater or 
solution of sodium chloride) to empt\ the lower bowel completeh are 
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routine As a preanestlietic narcotic, we customarily use morphine and scopolamine, 
administered b} hjpodermic injection one and one-half hours before the e^.pected 
time of administration of tribromethanol Doses are ordered that we should expect 
to be satisfactory were an anesthesia from gas-oxygen contemplated Premedica- 
tion we believe to be desirable for a satisfactory anesthesia , furthermore, a careful 
observation of the effect of such premedication is a valuable guide as to the 
probable need for an increase or reduction of the calculated dose of tribromethanol 
Infants are given no premedication 

Picpaiation of Solution — The hospital pharmacist delivers cr\stals to us 
weighed up in 3 Gm packets folded m paper, similar to the powders that he 
prepares for bedside administration of various drugs These 3 Gm powders 
combined with 100 cc of distilled water, or an}’- multiple of these quantities, are 
brought into solution by agitation in a 500 cc Erlenmeyer flask held in a w’ater 
bath kept at a temperature between 40 and 44 C, or from 104 to 110 F When 
complete solution is accomplished, a S cc sample is tested bv the addition of from 
one to three drops of a 1 1,000 congo red solution If the red changes to 
purple or blue, the solution is discarded Fresh solutions are prepared daily 

Dosage — A basic dose of 0 1 Gm of tribromethanol per kilogram or 1 5 cc 
of a 3 per cent solution per pound of the patient’s body weight is usuallv used 

Instillation — A 3 per cent solution properly prepared is apparently less 
unpleasant than distilled water in contact with the rectal mucosa This is probably 
due to the mild local anesthetic effect exerted bv the drug 

A soft rubber urethral catheter (no 10 French) is inserted into the rectum 
past the sphincter muscle Two strips of adhesive plaster are used to pull the 
buttocks firmly together around the catheter Adhesive strips are allow'ed to 
cross in the center and have contact with the catheter, thus holding it in place 
Care in fixing the catheter firmly in place saves much embarrassment in the 
prevention of the solutions leaking out after muscular relaxation has developed 
A 50 cc glass syringe is found convenient W’lth wdnch to measure and inject 
the solution, which should be at body temperature Extremely slow injection of 
the first 50 cc is preferable, because apparently the local anesthetic effect on the 
rectal mucosa obtunds the rectal reflex with tendency to expulsion of the solution 

Supplemental Anesthesia — It seems to us highlj desirable that the final 
accomplishment of complete surgical anesthesia be dependent on a drug under quick 
control The variations in tolerance of drugs b}’ different persons is so great that 
an attempt to predetermine w'hat dose will accomplish surgical anesthesia in a 
given person is dangerous We attempt, therefore, by means of tribromethanol, 
to deepen the sleep of a patient to a plane from w’hich surgical anesthesia can 
be easil} reached wuth a light dosage of nitrous oxide Whatever the inhalation 
agent used to complete anesthesia begun by tribromethanol, the dosage must be 
carefulh regulated, and an abundance of ox 3 'gen and a free airw'a\ assured 

It seems justifiable in some cases to prolong the effect of tribromethanol during 
an extremely long operation b^ further instillations of the drug during operation 
For the ordinary operation, lasting less than nlnet^ minutes, additional quantities 
of tribromethanol ma^ result in a deep anesthesia at the end of operation, 
accompanied bj abolished reflexes, at a time when the patient must pass trom 
the careful supervision of the anesthetist to that of the bus\ ward nurses In 
most instances, therefore, supplementation w'lth nitrous oxide is recommended in 
preference to additional instillations of tribromethanol 

hipei-mston — In no case does the anesthetist fail to follow his patient through 
the operation wuth the minute supervision which he would accord patients anesthe- 
tized b\ inhalation ol anesthetic gases or \apors Pharjngeal airwa\s are used 
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in most cases, and oxygen is added through them on many occasions This 
practice is followed because we feel that oxygen is a factor of no small moment 
in the successful administration of other agents, and that a new drug deser\es 
like consideration In addition, it appears to us that many of the untoward 
results reported by others could be ascribed to effects secondary to respiratory 
obstruction and anoxemia The excellent relaxation of pharyngeal muscles 
accompanying this form of anesthesia justifies such a conclusion 

Careful supervision during the period of anesthesia is just as necessary with 
this drug as with any drug administered by inhalation Our one unfortunate 
exper’ence occurred in a case in which complete deep anesthesia was attempted 
with tribromethanol alone A child, 18 months old, weighing 24 pounds (10 9 Kg), 
whose calculated dose was 36 cc of a 3 per cent solution, was given a dose of 
50 cc Operation was begun ten minutes after instillation The child was of 
the type subject to respiratory obstruction on the slightest provocation The period 
of operation was characterized by difficulty in maintaining a clear airway, and 
anesthesia was still present when the operation was finished The child was 
allowed to go back to the ward, without an artificial pharyngeal airway Res- 
piratorv obstruction supervened three hours later, m the absence of sufficient 
supervision, and death resulted The same accident would doubtless have occurred 
had the child been given ether in extreme dosage, and had the same faulty 
supervision existed In no case should the patient be left without supervision 
before pharyngeal reflex and muscular tone have returned Metal pharyngeal 
airways in place during operation and thereafter until no longer tolerated seem 
essential in tribromethanol anesthesia The advantage of controlling the final depth 
of anesthesia with a labile agent, such as nitrous oxide, which can be adjusted at 
one’s finger-tips, is evident Under no circumstances should the supply of oxygen 
be deficient An excess of oxygen and correction of a faulty airway often 
“smooth out’’ an anesthesia that appears to be insufficiently deep 


OBSERVATIONS 

Tiibiomethanol has been used at the Wisconsin Geneial Hospital 
in 234 clinical cases Selection of these cases was made to covei as 
wide a range of iisks as possible, as well as to cover a wide variet) 
of surgical proceduies An analysis of the fiist 100 cases follows 

hidiicfwij — The absorption of the drug by the circulation following 
lectal instillation appealed to us to result in a normal “going to sleep 
Children without pretious opiates sometimes yawned and announced 
that the}^ felt sleepy dining the induction, but seldom complained of 
discomfort Children who had already undeigone the oideal of the 
ward enema were happily leheved to find that this was so much easier 
Unconsciousness usually came on within from three to five minutes 
fiom the beginning of instillation Just as one child was going to sleep, 
she whispered the statement that she felt sick at her stomach This vas 
the nearest to evidence of nausea that we encountered during induction 
In the total number of cases, we did not see vomiting occur durmt, 
either induction or opeiation, in spite of the fact that m most of tie 
cases anesthesia was admmisteied for opeiations on the head, an 
mam it appealed to be light 
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The pharyngeal reflex was abolished eaily, so that a rigid pharyngeal 
airway could usually be inserted long before operation was begun Our 
impression is that the laryngeal leflex disappears only with excessive 
dosage If this impression is borne out by more extensive experience, 
It IS of the gieatest value in anesthesia, since the activity of the “watch- 
dog of the lungs” is highly desirable during the period of unconscious- 
ness There was no tendency to an excessive secretion of mucus in 
the mouth and pharynx, even m the patients not receiving premedication 
The skin reflex, or muscular reaction as the result of incision of the 
skin, disappeared late This proved an embarrassment m cases of 
circumcision and permeorrhaph}' 

Musculai relaxation suitable for laparotomy was often secured with 
the calculated dose mentioned Our impression is that with increasing 
dosage of tribi omethanol ascending paralysis of the spinal cord takes 
place, similar to that seen with increasing dosage of ether We noted 
at least two cases in which there was partial intercostal paralysis In 
both of these cases, the systolic blood pressure dropped during the 
lespiratory depression We see no advantage m an increase of the 
dosage of tnbromethanol to accomplish complete anesthesia We prefer 
to add a more labile agent that can be introduced and exhaled through 
the alveolar walls 

Dniation of Anesthesia, Recoveiy — With the use of a solution of 
tnbromethanol, prepared from crystals of tnbromethanol, recoveries 
compared m length of time with those from anesthesia from ether 

Aftei -Effects — No clinical evidence of proctitis or other irritation 
was noted in any case Restlessness after the use of the solution pre- 
paied from crystals was not frequent or marked 

Uiinaiy Changes — An attempted analysis of preoperative and 
postoperative urinary observations, as reported through routine labora- 
tory analyses by hospital technicians, shows changes comparable to 
those found after operation m which other anesthetic agents hare been 
employed We do not believe these determinations to be of consistent 
value, but present them as we found them 

No case of suppression of urine was noted Anahsis of sixt}-four 
urinar)'- records gave the following figures In twelve cases, the post- 
operative specimen of urine gave a positne result m the test for acetone, 
acetone not being noted in the preoperative specimen , in ten cases, casts 
were shown, m twelve, albumin On the other hand, in nine cases the 
test for albumin gave negative results after operation, whereas there 
had been positive results before operation No clinical CMdence of 
damage to liver or kldne^s came to our notice The care with which 
respiratory' obstruction and anoxemia vere a^olded may account for the 
absence of damage to Iner or kidncAs 
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Alteiatwns of the Blood Cheimstiy — Study was made m a few 
cases (fifteen) of some of the chemical constituents of the blood before 
and aftei anesthesia pioduced with tribromethanol, to ascertain whethei 
any changes would be levealed as an immediate effect of the drug For 
this purpose, blood was taken from the patient’s vein just previous to 
lectal instillation, and again immediately following the completion of 
operation The average length of time elapsing between the taking of 
the two samples was from an hour to an houi and a half Determina- 
tions of nonpiotein nitrogen, sugar, alkali leserve (caibon dioxide- 
combinmg power of plasma) and sodium chloiide were made on each 
sample From the results presented in table 3, it will be seen that no 
significant oi consistent changes were noted No information is at 
hand for judging the possibility of delayed changes 

Table 3 — Blood Chemist) v m Anesthesia fiom T > ihi omethanol 


Proancsthotic Postanesthetic 



' 

*w 

Nonprotcin 

Sodium 

Alkali ' 

' 

X 

Nonprotein 

Sodium 

Uknh 


SuKiir, 

Nitrogen, 

Chloride, 

Reserv c, 

Sugar, 

Nitrogen, 

Chloride, 

Reserve, 

Case 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

1 

%0 

33 9 

479 

29 4 

111 

34 7 

462 

43 7 

2 

103 0 

40 7 

432 

36 5 

(htmolj/cd) 

119 

38 2 

430 

33 0 

(sliglitlv 

hemolyzed) 

3 

80 0 

34 4 

405 

514 

(hemolyzed) 

110 

29 0 

447 

30 0 

4 

80 0 

40 3 

340 

Sample 

short 

105 

37 4 

316 

5 

80 5 

22 0 

449 

521 

144 

22 3 

405 

35 4 

0 

01 5 

33 0 

432 

27 2 

(badlj) 
hemolj zed) 

no 

33 8 

409 

23 9 

7 

84 0 

38 9 

483 

41 7 

(slightly 

hemolvzed) 

122 

34 0 

452 

29 9 


The rise m blood sugai is decidedly less than similar obseivation 
has revealed with various inhalation agents Othei changes are within 
the range of experimental eiioi The changes noted aie in essential 
agieement with those repoited by Wymer and Fuss"® 

Somatic vs Psychic Effect — ^The following case is described in 
detail because it illustiates the fact that apparently tribromethanol is 
piimarily a somatic sedative and not a cerebral sedative A knowledge 
of this fact is essential to a piopei use of the drug 

A }oung man was seen suffering from acute manic-depressive psjehosis, rmnic 
phase, of three veeks’ duration He could not be quieted bj' excessive doses 
morphine paraldehv de, chloral, etc When giv en 0 1 Gm of tnbromethano^ 
per kilogram bv rectum, he became somewhat relaxed, but responded to 
slightest stimulation of the cerebrum, and if spoken to, would sit up m be a ^ 
talk wildh The slight effect of the drug passed off m less than two 
Three davs later, this patient was given 0 2 Gm of sodium is-o-amvletlivlbari 
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intravenously, after which he slept soundly The injection Mas continued to a 
total of 0 5 Gm of sodium iro-amylethylbarbiturate, with the result that the 
patient slept for seien hours, aivoke, ate dinner and again slept or was quiet for 
eight hours 

Man} othei cases could be cited to show that tribromethanol is in 
eftect primarily a somatic sedative, becoming a psychic sedative onl} 
in large doses For this reason, we feel that scopolamine is a highl} 
desiiable adjuvant m combination with tiibromethanol 

In Mew of the possibility of damage to the liver and kidneys from 
the use of tiibiomethanol, 2 cases of cholecystectomy m which a lathei 
high degree of damage to the liver was present, and 5 of nephrectom} 
in which the other kidney was in none too good condition, were included 
in the aforementioned 100 cases In each of these cases the patient made 
a satisfactory recovery In each, oxygen was freely displayed thiough 
the pharyngeal airway thioughout the operation 

Amylene Hydiaie Piepaiatwn — A preparation at one time for- 
warded by the manufacturers, namely, a solution of tribromethanol in 
amylene hydrate, carried 1 Gm of tribromethanol per cubic centimeter 
We used this preparation m place of the crystals for one month, with 
the following observations 

1 Amylene hydrate lends a distinctly unpleasant odoi to the solu- 
tion, and this odoi is exhaled by the patient during anesthesia 

2 The mixing of this solution wuth distilled water we found to he 
nearly as difficult as was solution of the crystals of tribromethanol in 
distilled water Small globules of amylene hydrate solution tended to 
1 email! separate and were less easily noted than w^as incomplete solution 
of crystals 

3 Measurement of a liquid by means of a pipet or graduated cylinder 
seemed less accurate in our hands than the handling of powders weighed 
out by the hospital pharmacist 

4 It seemed to us that a larger pioportion of persons anesthetized 
wuth a 3 per cent solution of tribromethanol made b} means of the 
amylene hydrate preparation showed iriationality and uncontrollable 
restlessness during recovery than of persons anesthetized by means of 
the crystal preparations and that the period of postanesthetic sleep for 
the former w’^as longer Unless there is a distinct advantage in con- 
!enience of manufacture and marketing in favor of the amydene hydrate 
pieparation, w^e see no advantage in the introduction of a mixture of 
tw 0 active drugs -when one wall serve as w'ell A preoperative and post- 
operative proctoscopic study of the ciystal and fluid preparations of 
tiibromethanol is in progress 



908 


ARCHIVES OF SURGERY 


Intravenous; Use of Titbromcthanol — Kirschnei recently suggested 
the intiavenous use of this diug A3 per cent solution is made in 
physiologic solution of sodium chloride, and 1 cc for each kilogram of 
the patient’s body weight is injected into a vein during an mteival of 
forty-fi’ve seconds Kirschnei stated that anesthesia follows instantly 
and IS complete, and that recoveiy occurs within fifteen minutes 

The startlingly rapid induction and lecovery that we had previously 
noted in dogs when tribiomethanol was given intravenously, togethei 
with the lack of sjTOptoms following, led us to admimster tiibrom- 
ethanol intravenously to seven patients in whom a tempoiary profound 
anesthesia was needed Two were given 1 cc of 3 per cent solution of 
tribromethanol in physiologic solution of sodium chloride per kilogiam 
of body weight The injection was as rapid as possible No piemedi- 
cation was used In each patient, immediate anesthesia resulted, in 
one deep and in the other light Both awakened ten minutes latei One 
ate his lunch on returning to the ward one-half hour after injection 

One patient was given a similar dose (1 cc per kilogram) without 
piemedication, the injection being given slowly, and a light anesthesia 
was maintained for twenty minutes A fourth case demanded deep 
anesthesia for fifteen minutes The patient had just received one-sixth 
gram of morphine sulphate hypodermically He was given 90 cc of 3 
per cent solution instead of 63 cc , which was the calculated dose at 
1 cc per kilogram Profound anesthesia, with slow pulse and depressed 
respiration, lasted five minutes followed by deep anesthesia, with normal 
pulse and slow deep respirations gradually lightening to phonation and 
musculai mo'vements twenty minutes after injection He was awake 
twent} -three and one-half minutes aftei injection and asked for cigaiets 
Duimg the next four hours he complained of pam m the upper part of 
the abdomen whenever awake, but he slept a great deal during that time 
He then ate dinner and vomited aftei ward He also vomited his break- 
fast the next morning, and still complained of pain m the upper pait of 
the abdomen Later that day he was discharged from the hospital, feel- 
ing fit No other case of abdominal pain or nausea occurred when 
anesthesia was produced by tribromethanol given intravenously One 
patient, m whom two attempts had been made to obtain anesthesia mth 
intravenous injection of tribromethanol, was found at the third attempt 
to have a thiombosis of each median basilic vein, extending several inches 
above the point of injection No other instances of thrombosis haie 
been noted 

Further stud% as to the safety of intravenous administration of tri- 
bromethanol is indicated A method of producing complete, profoun 

52 Kirschner, kf Eine ps\ cheschonende und steuerbare Form der A.llgemem 
betaubung, Chirurg 1 673 1929 
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and extiemely shoit anesthesia has possibilities of usefulness in carefully 
selected cases The extremely lapid detoxication of tribromethanol 
when it IS admmisteied intravenously, is interesting 


SUMMARY AND CONCLUSIONS 

t 

A leview of the literature concerning tribromethanol is piesented 
Certain laboratoiy data are recorded verif 3 ing and extending the experi- 


Table 4 — Statistics on One Hnndied Cases m Which Anesthesia JFas Obtained 

with T 1 lb) omethanol 


A^ enge 

Age (range from 4 dajs to 74 jears) 

Weight 

Calculated dose (3 per cent aqueous solution) 

Given dose 

Length of operatne procedure 

Length of supplemental anesthesia 

Length of induetion period 

Duration of sleep 


24 vears 

SS pounds (39 9 Rg ) 
132 S cc 

150 cc 

53 minutes 

25 minutes 

20 minutes 

31^ hours 

Patient morphinized 

Patient nonmorphmizcd 


83 per cent 

17 per cent 

Tribromethanol supplemented 

With gas (nitrous ovid and oxygen) 

With procaine or cocaine hydrochloride 
Tribromethanol unsupplemented 

30 per cent 
21 per cent 

71 per cent 

29 per cent 

Respiratory and Circulatory Changes 

Pulse— Rise or fall more than 20 per minute from normal 
Systolic— Rise or fall more than 20 mm Hg from normal 
Respiration — Lnder 20 per minute 

Between 20 and 30 per minute 

Over 30 per minute 

Shock 


13 per cent 

11 per cent 

2 per cent 

70 per cent 

28 per cent 

2 per cent* 

Recovery 

Nausea or vomiting (72 hours) 

Marked restlessness 

Distention 

Marked perspiration 

Headache (nasal) 


22 per centt 

12 per cent 

5 per centt 

4 per cent 

3 per cent 

Deaths 


2 per centg 


* One, 1 patient operated on for tumor of the brain the other, a woman brought to the 
operating room with streptococeus septieemia secondarj to neglected infection of the abdominal 
u all 

t Seventeen per cent of these were cases in which the patient swallowed blood in the course 
of an operation on the mouth or the face 

1 All were cases in which laparotomies or nephrectomies vere done, the distention occurring 
on the third daj followiOb operation 

^ \ patient uith tumor of the brain who died ten and a half hours following optrition 
and one with i cleft palate, vho died three hours following operation 


mental work of previous int estigators The points of major interest 
are 

1 When kept at ordinary room temperatures, 3 per cent solutions 
of tribromethanol are stable toward hydrolysis for a period of 
approximately from twenty-four to fort} -eight hours follotting their 
pi epai ation 

2 Anesthesia obtained with tribromethanol m animals indicates that 
the drug has approximate!)'- the same margin of safetA as other drugs 
commonl) used in the production of general anesthesia The anesthetic 
dose IS approximate!) from t-\\o thirds to three fourths of the fatal dose 
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3 Animals m which anesthesia has been obtained lepeatedly show no 
noticeable sanations in susceptibility to the naicotic action of the drug 
Following lepeated anesthesia, dogs show pathologic changes in the 
kidneys, liver and spleen The type of lesion is not that charactei istic 
of the intoxication caused by chloioforni 

4 Tnbromethanol acts as a prophylactic against the convulsive 
effect of toxic doses of procaine hydrochloride and cocaine in rabbits 
Under tribi omethanol anesthesia the fatal dose of these local anesthetics 
IS inci eased from 50 to 200 per cent, lespectively 

Record is made of our expeiiences with the clinical administration 
of this drug in 100 cases The patients lepresented a wide range of 
suigical iisks, in order to afford a fair test of the usefulness and safet} 
of the diug Analysis of these experiences leads us to the following 
conclusions 

1 As does the use of othei anesthetic agents administeied orally, 
intravenously, subcutaneously and rectally, the use of tnbromethanol 
necessitates a predetermined dosage, which involves an element of chance 
as to the proper amount to be given to each individual 

2 If pioper precautions are obseived in the prepaiation of solutions, 
we feel that we can safely administer the drug in doses not exceeding 
0 1 Gm per kilogram of the individual’s body weight, in most cases 

3 Since tiibi omethanol is a somatic lathei than a psychic 
depressant, we feel that propei psychic depression with such drugs as 
scopolamine administered hypodermically or derivatives of barbituric 
acid administered orally should precede its use in cases m w Inch anxiety 
IS a factor Moderate doses of opium derivatives can wiselj be used 
as adjuvants This combination of hypodermic, oral and lectal admm- 
istiation should preferably accomplish an effect short of complete 
surgical anesthesia 

4 Nitrous oxide with an excess of oxygen has been found satis- 
factoiy in the accomplishment of final anesthetic control 

5 An artificial pharyngeal airway for the maintenance of free 
bi eathing through the relaxed pharynx is essential in every case Oxygen 
flowing through the airway is of distinct benefit to the patient 

6 The absence of gastro-intestinal irritation, together with the 
freedom with which oxygen can be administered, accompanjung tins 
agent, appears to make its use justifiable in cases of severe damage to 
the kidnejs and liver, provided minimum dosage is employed 

7 No advantage appears to result from the use of tribronietliano 
“fluid” (67 per cent tnbromethanol 33 per cent am^le^e hydrate) i 
place of crystalline tnbromethanol for the preparation of 
solutions In our hands, the cristalline form of the drug gaie 
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satisfacton results than the am}lene hjdrate solution As noted before 
a comparative proctoscopic stud\ of the possible rectal irritation from 
the ci}stal and fluid forms of the drug is in progress 

8 Alterations in blood chemistr\ under anesthesia from tiibiom- 
ethanol as herein desciibed, are probabh not clmicalh significant 

9 The onl} antidote for OAerdosage so fai found useful is main- 
tenance of a free aim ay and administration of ox}gen, -with the addition 
of small amounts of carbon dioxide when indicated In extreme orer- 
dosage artificial respiration nith ox\gen should be utilized 

10 The possible usefulness ot tnbromethanol administered mtra- 
^enousl} in extreme!} short operations desenes trial and in\ estigation 
m vien of the pleasant and quick induction and reco\er} without 
gastro-intestmal disturbance 

11 The need for experience and caietnl attention on the pait of 
the anesthetist as to dosage and supenision is m no \\a\ less than with 
the agents non in common use 

12 Justification for the addition of tribiomethanol to the present 
veil recognized list of anesthetic drugs probabh rests chiefl} on the fact 
that It brings one a step nearer perfect induction of anesthesia Induc- 
tion b} means of a simple, nonpamful rectal instillation nithout prepa- 
ration n ith other drugs fills a need in the present armamentarium 



BLUE-DOMED CYSTS AND CANCER OF THE 

BREAST 

ALEXIUS McGLANNAN, MD 

BALTIMORE 

The etiology of cysts of the breast furnishes a field for interesting 
speculation, and many theories have been advanced to explain their 
origin and development ^ Cheatle’s - study of sections of the entire 
breast shows the relation of cysts to the epithelium of the ducts and 
acini 

Two vaiieties of cysts may be sepaiated according to the character 
of the cyst wall In the fiist, the wall is lined by one or more layers 
of epithelial cells, and either is smooth oi shows papillary ingrowths 
In the second, the epithelial lining is absent or fragmentary and 
degenerative 

In the fiist vaiiety the cysts aie small, muthple tumors which contain 
clear, cloud}', milky or blood)'- fluid The epithelial lining of these 
cysts IS derived more often from the duct than fiom the acinus, and 
the cysts are due not to mechanical obstruction from the outside, but 
to epithelial proliferation in the duct In the second variety the cysts 
are large, clinically, they usually aie single tumors, when exposed by 
an incision, they appear as blue, smooth, rounded masses, an appearance 
which gives them the name, blue-domed cyst 

With obstruction, secretion from the epithelium fills the lumen of 
the duct and acinus with fluid of varying quality Accumulation of the 
fluid distends the obstructed area and produces a mass more or less 
spherical m outline If the distention is sufficient, pressure within the 
spherical cyst interferes with the nutrition of the epithelium, so that 
this portion of the wall becomes fragmentary or disappears During 
this time, chemical changes taking place m the accumulated fluid alter 
its charactei When the epithelium of the cysts is of direct origin, the 
breast about the cysts will contain man} dilated ducts, but dilatation of 
the acini is not necessarily present 

The papillomatous cyst contains bloody fluid or grumous material 
Cheatel declared that he had never seen a breast that contained only a 
single cyst With the papillomatous cysts this is an important fact, 
because these tumors undoubtedly have malignant potentialities 

There is no evidence that the smooth-walled epithehal-hned cyst is 
prone to malignancy, and there is no evidence that the danger is 
proportional to the size of the cyst, but it has been found that any 
sized cyst may contain papilloma and primary carcinoma 

Submitted for publication, March 25, 1930 . , 

1 Goldzieher M A, and Kaldor, J Cystic Cirrhosis of the Breast, rc 
Surg 20 473 (March) 1930 Rodman, J Stewart Chronic Cystic Masti i 
Prellmlnar^ Report of the Nature of the Process Arch Surg 20 515 ( 3''^ 

1930 

2 Cheatle Brit J Surg 8 149 (Oct) 1920, ibid 9 235 (Oct) 1921 
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Ihe bluc-domccl c}bL iioin the wall of w'hich the epithelial lining 
has clisappeai ed cannot hecoine the scat of cancel Because this tumoi 
IS heingn and so seldom .issociated with caicmoina, extremely con- 
sen atne methods of tieatment ha\e been lecommended Many }eais 
ago Ahhe\ achised aspiiation of the C3sts, hnt the method w^as soon 
abandoned, because it ga\e no oppoitnniU foi examination of the wall 
of the c\st 01 the sniionndmg hi cast tissue Recentl}^ Bloodgood “ 
adMsed that when a patient whose oiigmal tnmoi is a hlne-domed c}st, 
comes hack with a smnlai lump m the came oi the opposite hi east, it is 
his rule not to leopciate 

The clnncAl signs of hlne-domed C3st aic fanl3’’ distinct, and usnalh 
the diagnosis can he made with a icasonahle degice of accLirac3^ The 
tnmoi IS spheiical, otten nncUiatcs and is not fixed m the tissues The 
snrionndmg hi east is lump3 lathei than shott3 and it is lare to find 
dilated ducts beneath the nipple T lansillnmination of the hi east shows 
a deal aiea m the position of the tnmoi Often the tnmoi is painful 
01 tendci and thcie is a histon of \aiiation in its sire at different times 
Sometimes thcie is a cleai histou of the spontaneous disappearance of 
a similai tnmoi followed In the development of the one undei m\esti- 
gation 

In spite of these distinct chaiactciistics, no clinical examination can 
show the condition of the C3st wall In certain rare instances the w^all 
contains an area of actne epithelium, wdncli is potentialh malignant 
Adams'* lepoited a case in which cancel de\ eloped in such an area m 
a hluc-domcd C3st Bloodgood admitted that cancer w'as present m 1 
pel cent of his 500 cases, hut pointed out that m these cases the 
malignant tnmoi was diagnosed hefoie operation In a senes of 100 
cases of cancel of the hi east, I haAC had 3 m which carcinoma and 
hlne-domed C3 st w’^ei c pi csent at the same time , in these cases the cancer 
was lecognired by clinical signs hut there must have been a period 
in the course of the disease wdien it Avas not so evident Therefore it 
IS better to excise all hlne-domed cysts and to stud3’’ the surrounding 
hi east tissue as Avell as the Avail of the cyst for areas of mahgnanc3’’ 

The large cyst piacticall 3 ' ncA^ei is a single tumor, and all the small 
evsts contain actively proliferating epithelium, Avith or Avithout papil- 
lomatous ingrowths Our experience wnth papillomatous cysts has not 
been as encouraging as Dr Bloodgood’s ** In a series of 100 cases of 
cancel of the breast, 5 shoAved cancer deA'elopmg in a papillomatous ost 

3 Bloodgood, J C Blue-Domed Cyst in Chronic Cystic Mastitis Its 
Relation to Cure of Cancer, to Benign Lesions of the Breast and to Educational 
Program, J A M A 93 1056 (Oct 5) 1929, The Blue-Doomed Cyst of 
Chronic Cystic Mastitis m the Breasts of Women, ibid 93 1163 (Oct 12) 1929 

4 Adams Canad M A J 19 190 (Aug ) 1928 

5 Bloodgood Am J !M Sc 179 32 (Jan ) 1930 
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In 8 benign papillomatous cjsts all the specimens showed the 
presence of multiple growths One specimen was the second breast 
removed from a patient who had been operated on for carcinoma m 
the othei breast The cancer m the first breast was an infiltrating 
scinhus in the nipple zone 

One woman who had a bloody discharge from the nipple was 
examined at monthly intervals foi more than a year, and no palpable 
tumor could be found She returned six months later with a tumor in the 
nipple zone, which was clinically malignant She was opeiated on by 
another surgeon, who reported that the tumor was a carcinoma in a 
papillomatous cyst In dealing with cysts of the breast too great 
conservatism is dangerous In my opinion, the blue-domed cyst as 
well as the papillomatous cyst should be excised m all instances, and 
the cyst wall carefully studied 

With recurrent blue-domed cysts, lepeated excisions may become 
necessar}, and in instances of recurrence, therefore, removal of the 
breast should be advised These patients usually are at the menopause , 
the bi easts are small, and the removal of one or both is a slight dis- 
figuiement The 1 to 3 per cent possibility of concurrent malignancy 
is thus avoided ° 

The following is a summaiy of the recoids in three instances of 
the simultaneous presence of cancel and blue-domed cyst of the breast 


REPORT OF CASES 


Case 1 — A white woman, aged 48, was admitted to the hospital on Sept 22, 
1925 She was married but had never been pregnant The duration of the tumor 
was SIX months There were two smooth, rounded masses just below and to the 
outer side of the nipple, extending into the upper inner quadrant of the left 
breast To the inner side of these masses there was a hard, sharp-edged tumor, 
about 1 inch (2 5 cm ) in diameter, over which the skin dimpled when the breast 
was lifted forward from the chest wall The right breast was free from lumps 
General clinical examination was negative for evidence of other lesions 

The complete operation for cancer was performed on September 24 The 
note made at the time of operation mentioned that fibrosed lymphatic glands were 
found in the axilla, but that the vein was not adherent The w'ound was close 
with a skin defect on the chest Avail, which was covered AVith pinch grafts six 
daj s later The patient made a good recovery and Avas discharged on the 
tAAentieth day folloAving operation 

The tumor Avas a scirrhous carcinoma about 1^4 inches (3 8 cm ) in diameter, 
Avith infiltrating projections for a considerable distance in all directions On tic 
inner side of the cancer betAveen it and the skin about the nipple, there AA'ere t\AO 
large blue cvsts, each about inches in diameter Both cysts Avere fixed ^ 
carcinoma, but apparentlj'' the fixation came from infiltration of the c\st AAa 


6 Fischer, W Clinical and Pathologic Anatomic Diagnosis of 
CasIic Transformation in the ilammarA Gland, Deutsche Ztschr f Chir 
1925 
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the carcinoma rather than from extension of a primary tumor from the cyst 
wall 

On Jan 25, 1926, a little more than three months later, she returned with a 
mass in the right axillarj prolongation of the right breast She had noticed the 
tumor while bathing the day before The tumor was clinically malignant, hard, 
sharp-edged and fixing the skin The complete operation was performed on the 
right side on January 27 The axilla appeared favorable, the wound was closed 
with a skin defect, which was grafted four daj's later The patient again made 
a good postoperative recoverj and was discharged on Feb 16, 1926 

The tumor from the right breast was a small, infiltrating scirrhous Just 
bevond the tumor toward the axilla there was blue-domed cyst about 1 inch in 
diameter, and around the solid cancer there were a number of small blue cysts 
At no place could a connection between the cancer and the walls of a cyst be 
tound 

The patient remained well for about a year, and then began to show signs 
of metastasis of the spinal roots She died with evidence of general carcinosis 
two vears after the first operation 

Case 2 — A colored woman, aged 38, w'as admitted on Oct 19, 1928, com- 
plaining of lumps in the right axilla There W’ere three separate masses, the 
lowermost one being on the border of the pectorahs major at the base of the 
axilla and the others higher up in the space The masses were smooth and a 
little tender, and the lowermost one was attached to the skin for a short distance 
There w'ere no lumps or tender areas m the breast and no wounds or scars of 
the hand or arm 

General clinical examination gave negative results, and laboratory tests threw 
no light on the probable nature of the masses 

At operation the upper smooth masses were found to be blue-domed cysts, 
and the lower one a papillomatous cyst, containing blood and showung an indurated 
and infiltrating wall The complete operation for cancer was performed The 
fat along the axillary vein w'as soft, and no fibrosed lymphatic glands w'ere noted 
The wound was closed wuthout grafting The patient made a good recovery, 
and when seen one and one half jears later w'as well 

No tumors were found in the normally situated breast tissue The blue cysts 
and the malignant papillomatous cyst were situated in an axillary mass of breast 
tissue, which appeared to be a separate development rather than an extension of 
the axillary prolongation of the breast The w'all of the blue-domed cvst was 
distinct from that of the papillomatous cyst, and there was no infiltration between 
them 

Supernumei at y bi easts and abet i ant masses of breast tissue are 
well known congenital anomalies The unusual breast tissue often does 
not attract attention until it hypei trophies dm mg lactation or becomes 
involved m tumor formation 

The axilla is a frequent seat of accessory breasts As a rule, the 
supplementar}^ tissue can be identified without question McFarland'^ 
pointed to the close resemblance between the large sweat glands of the 
axilla and mammary tissue as a possible source of error in determining 
the nature of an axillary tumor In the piesent case the blue C3^sts 
as well as the papillomatous one seemed to be definite indications that 
the tumor originated in breast tissue 


7 McFarland Am J Path 5 23 (Jan) 1929 
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In 8 benign papillomatous cysts all the specimens showed the 
presence of multiple giowths One specimen was the second breast 
lenioved from a patient who had been operated on for carcinoma m 
the othei breast The cancel m the first breast was an infiltrating 
scinhus in the nipple zone 

One woman who had a bloody discharge from the nipple was 
examined at monthly intervals foi moie than a year, and no palpable 
tumor could be found She retui ned six months later with a tumor in the 
nipple zone, which was clinically malignant She was operated on by 
another surgeon, who reported that the tumor was a carcinoma in a 
papillomatous cyst In dealing with cysts of the breast too great 
conservatism is dangerous In my opinion, the blue-domed cyst as 
well as the papillomatous cyst should be excised in all instances, and 
the cyst wall carefully studied 

With recurient blue-domed cysts, repeated excisions may become 
necessary, and in instances of recurrence, therefore, removal of the 
breast should be advised These patients usually are at the menopause, 
the breasts are small, and the removal of one or both is a slight dis- 
figurement The 1 to 3 per cent possibility of concurrent malignancy 
is thus avoided ® 

The following is a summary of the records m three instances of 
the simultaneous presence of cancer and blue-domed cyst of the breast 

REPORT or CASES 

Case 1 — A white woman, aged 48, was admitted to the hospital on Sept 22, 
1925 She was married but had never been pregnant The duration of the tumor 
was SIX months There were two smooth, rounded masses just below and to the 
outer side of the nipple, extending into the upper inner quadrant of the left 
breast To the inner side of these masses there was a hard, sharp-edged tumor, 
about 1 inch (2 5 cm ) in diameter, over which the skin dimpled when the breast 
was lifted forward from the chest wall The right breast was free from lumps 
General clinical examination was negative for evidence of other lesions 

The complete operation for cancer was performed on September 24 The 
note made at the time of operation mentioned that fibrosed lymphatic glands vere 
found in the axilla, but that the vein was not adherent The wound ivas closed 
with a skin defect on the chest wall, which was covered with pinch grafts six 
days later The patient made a good recovery and was discharged on the 
twentieth day following operation 

The tumor was a scirrhous carcinoma about inches (3 8 cm ) m diameter, 
with infiltrating projections for a considerable distance in all directions On tie 
inner side of the cancer between it and the skin about the nipple, there were t\\o 
large blue cvsts, each about lyl inches m diameter Both cysts were fixed 
carcinoma, but apparentlj' the fixation came from infiltration of the cist "a 

6 Fischer, W Clinical and Pathologic Anatomic Diagnosis of j 

CasUc Transformation in the Mammarj Gland, Deutsche Ztschr f Chir 
1925 
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the carcinoma rather than from extension of a primary tumor from the cyst 
wall 

On Jan 25, 1926, a little more than three months later, she returned with a 
mass 111 the right axillary prolongation of the right breast She had noticed the 
tumor while bathing the dav before The tumor was clinically malignant, hard, 
sharp-edged and fixing the skin The complete operation was performed on the 
right side on Januarj’ 27 The axilla appeared favorable, the wound was closed 
with a skin defect, which was grafted four daj^s later The patient again made 
1 good postoperative recover} and was discharged on Feb 16, 1926 

The tumor from the right breast was a small, infiltrating scirrhous Just 
bejond the tumor toward the axilla there was blue-domed cyst about 1 inch in 
diameter, and around the solid cancer there were a number of small blue cysts 
At no place could a connection between the cancer and the walls of a cyst be 
tound 

The patient remained w'ell for about a year, and then began to show signs 
of metastasis of the spinal roots She died witli evidence of general carcinosis 
tw'o jears after the first operation 

Cash 2 — A. colored woman, aged 38, was admitted on Oct 19, 1928, com- 
plaining of lumps m the right axilla There were three separate masses, the 
lowermost one being on the border of the pectorahs major at the base of the 
axilla and the others higher up in the space The masses were smooth and a 
little tender, and the lowermost one was attached to the skin for a short distance 
There w'ere no lumps or tender areas m the breast and no wounds or scars of 
the hand or arm 

General clinical examination gave negative results, and laboratory tests threw 
no light on the probable nature of the masses 

At operation the upper smooth masses were found to be blue-domed cysts, 
and the lower one a papillomatous cyst, containing blood and showing an indurated 
and infiltrating wall The complete operation for cancer was performed The 
fat along the axillary vein was soft, and no fibrosed lymphatic glands were noted 
The w'ound was closed without grafting The patient made a good recovery, 
and when seen one and one half jears later was well 

No tumors were found in the normally situated breast tissue The blue cysts 
and the malignant papillomatous cyst were situated in an axillary mass of breast 
tissue, which appeared to be a separate development rather than an extension of 
the axillary prolongation of the breast The wall of the blue-domed cjst was 
distinct from that of the papillomatous c}'st, and there was no infiltration between 
them 

Supernumerary bi easts and aberiant masses of breast tissue are 
well known congenital anomalies The unusual breast tissue often does 
not attract attention until it hypeiti opines dm mg lactation or becomes 
involved m tumor formation 

The axilla is a frequent seat of accessor}'^ bi easts As a lule, the 
supplementary tissue can be identified viithout question McFarland’' 
pointed to the close resemblance between the large sweat glands of the 
axilla and mammaiy tissue as a possible source of erior m determining 
the natuie of an axillary tumor In the piesent case the blue C3'^sts 
as well as the papillomatous one seemed to be definite indications that 
the tumor originated in breast tissue 


7 McFarland Am J Path 5 23 (Jan) 1929 



SKELETAL METASTASES FROM CARCINOMA OF 

THE RECTUM 


REPORT or EIGHT CASES ^ 

ARTHUR H AUFSES, MD 

NEW YORK 

Since the advent of the widespiead use of the loentgen lay foi diag- 
nosis, theie has been a gieat inciease in the knowledge of those neo- 
plasms that cause osseous metastases Carcinomas of the prostate, 
breast, thyroid and pulmouaiy bronchus, as well as hypernephromas, 
have been known to be the most common produceis of secondary 
growths m the skeletal system Pnmaiy caicmomas of other organs 
do cause metastases m the bones, and these occur with sufficient fie- 
quency to make their clinical lecognition an important factor in the 
amelioiation of their S 3 ^mptoms 

Skeletal metastases occur m 10 5 per cent of lectal caicmomas 
according to Nisnjewitsch,^ who found them m six of fifty-seven post- 
mortem examinations The determination of the true percentage of 
such occuriences is impossible from either a clinical or a pathologic 
standpoint unless the mateiial is examined carefully with that point m 
view Miyauchi - examined the lumbar veitebiae m thnty-five con- 
secutive postmoitem examinations of patients with cancer and found 
five with gloss metastases, m another five, metastases were found only 
on microscopic examination 

Skeletal metastases were found in 8 cases of rectal caicinoma at 
Montefioie Hospital dm mg the period from Jan 1, 1922, to March 1, 
1930 During this time 117 patients were admitted with the diagnosis 
of carcinoma of the rectum Of these, 78 died in the hospital and 
theie weie 29 autopsies A careful search of the literature revealed 
only 16 leported cases of bone metastases m carcinoma of the rectum 

The first case of rectal carcinoma with bone metastases was reported 
by Curling m 1870 This occuried m a man 48 yeais of age, who had 

Submitted for publication, April 14, 1930 

From the Surgical Ser\ice, Montefiore Hospital Dr Harold Neuhof, Chief 
of Division 

1 Nisnjeivitsch, Leo Die Metastasen des Karzinoms in das Knochcnsi stern, 
Inaugural Dissertation, Basel, 1907 

2 Irliyauchi, K Zur Kenntms der Karzinommetastasen im Knockensj stem, 

Inaugural Dissertation, Basel, 1916 

3 Curling, T B Case of Cancerous Stricture of the Rectum Produci „ 
Obstruction, Successfully Relieved bv Colostomy, Lancet 1 3, IS/O 
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had a colostom} peifoimed foi lectal obstruction seventeen months 
befoie death The postmortem examination showed a cancer of the 
lectum invading the posterioi wall of the pelvis and sacral plexus “A 
laige tumoui had formed at the right elbow which seemed to be a 
deposit of soft cancel in the uppei pait of the radius distending the 
bone ” 

Hildebiand,^ in discussing statistics of rectal carcinoma, reported 
the case of a man, aged 59, with a history of having had the condition 
for eighteen months, in whom metastasis developed in the upper end of 
the femur seven months following proctectomy Hochenegg ® reported 
a case m which a Kraske resection had been pel formed and m which the 
patient nine months later had a spontaneous fracture of the right 
scapula due to metastasis In addition to this fracture, the presence of 
metastases to the lungs, liver, peritoneum, kidney and suprarenal glands 
was confiimed post moitem Both of these cases were repoited in 1888 

In 1891, Pitts ® reported a case of spontaneous fracture of the right 
humerus eighteen months after colostom)'- foi intestinal obstruction due 
to rectal carcinoma Because of pain and nonunion, amputation was 
done at the shouldei joint, with uneventful recovery Pathologic 
examination -revealed “a columnar cell carcinoma so perfect in character 
that It would be impossible to distinguish it from a similar growth in 
the rectum ” 

Fuzinami,' m 1897, described a case of spontaneous fractuie of the 
femui aftei the patient had complained of pain in the bone foi two 
months There had also been diarrhea and an enlarged liver At post- 
mortem examination, a cylinder cell carcinoma of the rectum was found 
with metastases to the liver and femur The growth in the femui was of 
the same type as that found m the rectum The author remarked that, 
according to his experience, such a metastasis was among the greatest 
of rarities 

In 1906, Goetsch ® reported a case of metastases to the ribs veitebiae 
and femur from a rectal carcinoma Oehler,® in discussing the results of 

4 Hildebrand, O Zur Statistik der Rectumcarcinoma, Deutsche Ztschr f 
Chir 27 329, 1887-1888 

5 Hochenegg, J Die sacrale Methode der Exstirpation von Mastdarm- 
krebsen nach Prof Kraske, Wien klm Wchnschr 1 348, 1888 

6 Pitts, B Columnar Carcinoma of the Humerus Following Tumour of 
the Upper Part of the Rectum, Tr Path Soc London 42 267, 1891 

7 Fuzinami Casuistische Mitteilung primare Rectumbrebs mit Spontan 
Fractur hnken Oberschenkelknochen, Arch f path Anat 147 129, 1897 

S Goetsch, W Ueber den Finfluss von Karzinommetastasen auf das Knochen- 
gewebe, Beitr z path Anat u z allg Path 39 218 1906 

9 Oehler, J Ueber Rectumcarcinome zugleich em Beitrag zur Lehre \on 
den metastatischen darm Carcmomen Beitr z klin Chir 87 593 1913 
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operative mteivention on lectal caicinoma, mentioned one case in 
which SIX years after operation, without any local recuiience, metastatic 
giowths in the pelvic lymph nodes and a laige secondaiy tumor of the 
occipital bone developed 

Mielecki,^“ in reviewing 560 autopsies in cases of cancer found 
3 metastases to bone in 56 intestinal caicmomas One of the cases was 
a rectal neoplasm Deelman,^^ in repoi ting 27 cases of bone metastases 
fiom vaiious pnmaiy tumors, found 1 from a lectal caicinoma, tne 
site of metastasis was in the veitebrae 

Mandl,^- in reviewing 779 operations foi lectal tumor m 
Hochenegg’s clinic fiom 1906 to 1920, found 3 cases of bone metastases 
in 64 postmortem examinations, 1 to the sacium and spine, 1 to 
the ribs and 1 to the sternum He felt that there had been a gieat 
mciease m the number of bone metastases in latei years, and ascribed it 
to a lessened resistance of the human oiganism 

JolH^ described thiee specimens in the Biitish Museum of osseous 
metastases fiom rectal caicmomas The one specimen is the eaily case 
described by Pitts, the second, metastasis to the steinum and spine m a 
patient 35 years of age, and the third, a metastasis to the ulna 

Jenkmson,^^ m reviewing skeletal giowths secondary to malignant 
intestinal (all parts) conditions, cited among the rectal cases those of 
Goetsch and Deelman and added one of his own with metastasis to the 
spine Jacobs,^® who reviewed the cases at Montefiore Hospital from 
1914 to 1924 in respect to roentgen therapy, mentioned that bone metas- 
tasis occurred in four Siburg,’® m 1929, lepoited a case of carcinoid 
of the lectum with metastases to the lymph nodes and to the thoracic 
and lumbar vertebrae 

REPORT OF CASES 

Case 1 — S L , a man, aged 44, was admitted to the hospital on Aug 
24, 1921, with a history of blood m stools, difficulty m moving bowels and painful 
defecation for four years He had had a rectal operation four years before 

10 von Mielecki, W Anatomisches und kntisches zu S60 Obductionen bei 
denen sich bosartige Geschwulste fanden, Ztschr f Krebsforsch 13 505, 1913 

11 Deelman Het metastatisch carcinoom m het beenstelsel, Nederl tijdschr 
V geneesk 65 1048, 1921 

12 Mandl, F Ueber den Mastdarmkrebs, Deutsche Ztschr f Chir 168 1 » 
1922 

13 Joll, C A Metastatic Tumours of Bone, Brit J Surg 11 38, 

14 Jenkmson, E L Primary Carcinoma of the Gastro-Intestinal rac 
Accompanied bv”^ Bone Metastases, Am J Roentgenol 11 411, 1924 

15 Jacobs, A W Carcinoma of Rectum and Sigmoid Analysis of 
Cases, Results of Treatment by Radiation, Surg Gynec Obst 43 50, 1926 

16 Siburg, F Ueber emen Fall von sogenannten Karzinoid des Rektums 
ausgedehnter kletastasenbildung, Frankfurt Ztschr f Path 37 254, 1929 
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admission, whicli was followed by good health (except rectal incontinence) until 
February, 1921 Colostomy was performed m May, 1921 For two weeks before 
admission, he had pain in both legs Examination showed a fairly well nourished 
man wdio had had a left inguinal colostomy There was a scar from a former 
rectal operation with resection of part of the sacrum There was a hard, nodular, 
polj poid mass protruding from the anus, wuth hard nodules in the skin The anal 
orihce did not permit insertion of finger There W'as an enlargement of the left 
inguinal glands 

Roentgen examination on Sept 7, 1921, revealed “se\eral small, irregular areas 
of hone absorption wuthin the right os ischii and a small, irregular area of bone 
absorption m the infratrochantenc region of the left femur These areas are 
characteristic of metastatic growths ” A painful area wuth swelling developed 
o\er the upper part of the sternum On Dec 28, 1921, the roentgen rays revealed 
a circumscribed area of bone condensation the size of a half dollar, occupying 
the middle third of the sternum The patient slowdy became worse, and died 
on Jan 9, 1922 

Autops} revealed a carcinoma of the rectum with an extension into the pelvic 
tissues and metastases to the regional and distal lymph glands, lungs, calvarium, 
dura, heart, capsule of the left kidney, ribs, sternum, lumbar vertebrae and 
sacrum Bilateral hydro-ureter and hydronephrosis due to ureteral obstruction 
by tumor tissue was revealed 

Case 2 — C B, a man, aged SO, was admitted to the hospital on June 29, 
1923, with a history of chronic colitis and rectal polyposis for fourteen years 
Colostomy had been done in 1910 for the relief of colitis The patient had 
had pain m the right foot, back and spine for three months before admission 
Examination revealed an enlarged liver and enlarged inguinal glands Exam- 
ination of the rectum revealed large nodular, infiltrating carcinomatous masses 
A biopsy specimen was reported to show adenocarcinoma 

Roentgen-ray examination on July 5 showed small areas of bone destruction and 
marked osteoplastic changes especially involving the right half of the sacrum and 
contiguous portions of the ilium The lumbar part of the spine and the lungs 
were negative for metastases 

The patient gradually lost weight and strength, and died on Aug 11, 1923 
Case 3 — S T , a woman, was admitted to the hospital on Feb 26, 1924 
She had a combined Kraske operation in May, 1921, for an adenocarcinoma 
of the rectum wuth colloid degeneration The patient was delivered of a normal 
child, m February, 1923 In August, 1923, active tuberculosis of left upper lobe 
developed The patient was sent to Bedford Sanitarium on March 22, 1925 There 
were pain in the rectum, blood in the stools and diarrhea In Mav, both gluteal 
regions w'ere involved by carcinomatous tissue 

Roentgenograms of the pelvis taken on April 26, May 29 and September 11 
were negative for metastases Roentgenograms of the skull on Feb 17, 1926, 
showed no metastases The patient died on May 23 

At autopsv, colloid carcinoma of the rectum and metastases to the ribs and 
vertebrae were revealed All ribs showed extensive tumor infiltration, in 
places they were swollen to twice their normal thickness Metastases to subcuta- 
neous and muscular tissues of the back, lungs, liver, kidneys, peritoneum, supra- 
renals, skin, brain and heart were found There was obstruction of the left 
ureter with hy dro-ureter and hydronephrosis Pulmonary tuberculosis was re\ ealed 
Case 4— W B, a man, aged 61, was admitted to the hospital on Aug 7, 
1926 Three -sears before admission, the patient had blood m stools had lost 



920 


ARCHIVES OF SURGERY 


weight and was weak In 1924, colostomy was done and later a vesicocolonic 
fistula was made to relieve vesical obstruction 

On examination, the patient presented an enlarged liver and enlarged, hard 
inguinal glands Over the anterior part of the chest, there was an “encurasse” 
of the tissues A stony hard induration around the external sphincter prevented 
insertion of eien the little finger On Sept 1, 1926, the patient suffered a sponta- 
neous fracture of the right humerus 

The roentgen rays showed a pathologic fracture at the middle third of the 
shaft with an extensne area of bone destruction about 6 cm m length at the 
site of the fracture A roentgenogram of the chest showed pulmonary metastases 
The patient died eight days later 

Autopsy revealed carcinoma of the rectum with metastases to the regional 
Ivmph nodes, lungs, liver, kidney, suprarenals and skeleton, pathologic fracture 
of the right humerus , an irregular, flat elevation, 2 by 3 cm , on the lateral 
surface of the fourth right nb, adherent to a large mass on lateral surface of 
right middle lobe , tumor nodules on the inner surface of several ribs These 
nodules were not adherent to the lung 

Case 5 — J B , a man, aged 50, was admitted to the hospital on Jan 22, 1927 
One vear previously, he had complained of abdominal cramps In July, 1926, he 
had severe pain in the lower part of the back Hemorrhoidectomy was performed 
In September, he had a rectal hemorrhage, accompanied by weakness and loss of 
weight Colostomy was done in October 

Physical examination revealed a ridge of hard, immovable tissue extending 
from the anus along the perineum Three centimeters from the anal orifice, the 
rectal circumference was involved by firm tissue, and 6 cm from the anal orifice, 
the entire rectal lumen was obstructed The left eighth, ninth and tenth ribs were 
prominent and tender Roentgenograms of the skull and chest were negative for 
metastases The patient died on March 6, 1927 

A-utopsy revealed adenocarcinoma of the rectum with metastases to the regional 
lymph nodes, liver, lungs, ribs and suprarenals The right eighth and left sixth 
ribs were invaded by^ metastatic tumor nodules 

C-isi 6 — H B, a man, aged 47, was admitted to the hospital on Jan 15, 
1928, with the history of having blood in the stools and rectal pain three 
lears previouslv Two years before admission, carcinoma of the rectum was 
diagnosed and colostomy done In September, 1927, pain in the left leg developed 
This pain was thought to be due to the enlarged inguinal glands, and they were 
given considerable roentgen therapv A roentgenogram of the pelvis in October, 
1927, was negatne for metastases 

Phvsical examination on admission revealed a hard, moderately^ tender sw'elhnj, 
over the middle of the left thigh about 8 cm in diameter and attached to the bone 
The left inguinal glands W'ere enlarged and tender Rectal examination revea e 
two large tumor tabs protruding from the anus, with numerous firm nodules m 
the rectum extending as high as could be reached 

A roentgenogram of the chest in January, 1928, was negatne for metastases 
4. roentgenogram of the left femur taken m January, 1928, showed a ^ 

ot the periosteum and a moderate amount of bone absorption m the middle t ir 
the shaft In A.pril, 1928, roentgenograms show’ed an increase m the bone ^ 

tion of the lett femur with imasion of the soft parts b\ a tumor mass 
to the inner and outer side of the shaft Roentgenograms of the spine, pe vis, s 
and humeri were negative for metastases The patient died on June la 
\utopsv revealed a colloid small cell carcinoma of the rectum " 
to the retroperitoneal Ivmph nodes and inguinal glands, skin, liver, gall a er 
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left femur The mass around the left femur stripped ireel}" from the bone, but the 
cortex of the femur \\as thickened, fineh nodular and of increased densitj A 
segment of bone was not remo\ed The tumor mass had a gelatinous appearance, 
and through this portion were scattered numerous spicules of bone 

Case 7 — N S, a man, aged 63, was admitted to the hospital on 
June 10, 1928, w'lth a historj' of pain in the rectum, mucous rectal discharge and 
diarrhea for six months A colostomj had been done eight weeks prior to admis- 
sion, and biops}’- at that time show'ed a malignant adenoma The patient had com- 
plained of a pain in the back for four weeks 

Examination re\ealed a large, hard mass completeh obstructing the rectum A 
roentgenogram taken on June 12 showed an irregular area of bone absorption in the 
upper end of the right femur, characteristic of earh metastatic growth The 
patient died on September 9 of a rectal hemorrhage 

Autops^ retealed a colloid carcinoma of the rectum with hemorrhage metastases 
to the regional hmph glands and Iner The femur was not examined 

Case 8 — E C, a woman, aged 68, was admitted the hospital on 
Jan 8 1930, with a histori of having had a sacral Kraske operation performed two 
years preiioush for adenocarcinoma of the rectum with hmph nodes miohed 
The patient remained in good health for one lear following operation, and then 
pain m the rectum developed Two months before admission she noticed a lump 
on the back of her head 

Examination showed a large circumscribed cvstic tumor over the occipital 
region with a hard nodule m front of it On Januarv 17, the roentgen rajs dis- 
closed areas of bone destruction m the right half of the occipital bone and the 
posterior portion of the right parietal bone These areas were characteristic of 
metastatic deposits The peh is, femora and humeri w ere negatn e for metastases 
There were some thickening and narrowing of the artificial anus, but no definite 
local recurrence could be felt The patient was discharged on Februarv 12 to be 
followed 111 the outpatient clinic 

COilAlEXT 

In five of these eight cases, the presence of the skeletal metastases 
was proved by autopsy In another autopsy was performed, but the 
site of the metastasis could not be investigated In the three cases not 
prov ed bj autops) , the roentgen-raj observations were sufficienth 
tvpical to make a positive diagnosis In six cases the diagnosis was 
made clinically, and in the remaining two the secondarv’- growths were 
not discovered or suspected until after death In practicall} all of 
these eight cases, as well as in most ot those reported in the literature, 
the disease was of long standing, and as carcinoma of the rectum is 
known to spiead slovvlv , even locall) it is not surprising to find the 
skeletal metastases occurring late in the course of the disease 

The site of metastases is of interest, because in the entire twentv-four 
cases the various bones are involv’-ed wnth practicallv the same frequencv 
as ongmallv described by v on Reckhngbausen in his monograph on 
the formation of bone metastases The skeleton was the site of 

17 von Recklinghausen F D Festschr der Assistenten zu \*irchow zu 71st 
Geburtstag Berlin, 1891 
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metastases thirty-five times in these twenty-four cases The frequency 
and percentages were as follows 


Vertebrae 

8 

228% 

Femur 

6 

168% 

Ribs 

6 

168% 

Skull 

3 

84% 

Sternum 

3 

84% 

Humerus 

2 

5 7% 

Pelvis 

2 

5 7% 

Sacrum 

2 

5 7% 

Radius 

1 

2 8% 

Scapula 

1 

2 8% 

Ulna 

1 

28% 


35 


Von Recklinghausen claimed that metastases to the bone aie not due 
to the embolic blocking of a vascular channel in the bone by a large mass 
ot malignant cells, but are caused by the periaxial stagnation ot the 
neoplastic cells as they pass fiom the blood vessels outside of the bony 
stiuctuie into the \asculai bed situated within the bone The blood 
vessels around the bone are of changeable size, depending on stimuli 
such as tempeiatuie and actmty, while the vessels within the bone are 
ot fixed caliber In this manner the blood is often carried from a nai- 


lowed peripheral vessel into a wider vessel within the bone-marrow 
This change in size of the vascular bed would tend to stagnate the neo- 
plastic cells and to favoi their multiplication After they had multiplied 
sufficiently, they would block the vascular channel and then extend out- 
ward to the periosteum through the foiamma without necessaiily erod- 
ing the coitex 

Owing to this mannei of foimation, bone metastases should occur 
most fiequently m those bones subject to the gieatest strain and stress 
as well as to changes in temperatme Von Recklinghausen claimed that 


according to this theoiy, the frequency of bone metastases in various 
paits of the skeleton would be as follows vertebiae, femur and pelvis, 
libs and sternum, humerus, skull, tibia, radius and ulna Piactically all 


statistics have in the main confirmed his original contention Kisn- 
jewitsch,^ in 169 metastases to the bone, found the following fre- 
quency veitebrae, 28 9 pei cent, steinum, 17 7 per cent, femur, 15 9 
pel cent , ribs, 14 7 per cent , humerus, 7 6 per cent , skull 7 1 per cent , 


pelvis 5 3 per cent , tibia 1 1 per cent , clavicle 1 1 per cent 

The importance of the clinical diagnosis of bone metastases is shown 
in cases 4 and 6 In case 4 a pathologic fracture might have been 
prevented if the presence of consideiable destruction of the bone 
been recognized In case 6 for a number of months, the pain m the e,. 
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was consideiecl to be due to the enlarged inguinal glands, which 
were given loentgen theiap}' As ii radiation offers some relief from 
pain 111 these skeletal metastases, their occunence should be kept in mind, 
and all pains in the bone investigated by means of the roentgen ray 

SUMMARV 

1 A senes of eight cases of rectal caicinoma complicated by skeletal 
metastases is added to the sixteen repoited in the literature 

2 In the mam, the site of the metastases conforms to the original 
table of frequency as stated b} von Recklinghausen 

3 Metastases to the bone m carcinoma of the rectum occurs late in 
the couise of the disease, but with sufficient frequency to make it of 
clinical significance and to make its earl} diagnosis of great importance 
in relief from pain and the prevention of fractures 
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The classification of cases of ileus into mechanical and paralytic 
varieties or, according to a different terminology, dynamic and ad} nainic 
varieties, is a distinction of fundamental impoitance The mechanical 
oi d}namic variety, by definition, is characterized by some condition 
which physically prevents the normal progiess of intestinal contents 
toward the anus The relief of such a physical obstruction is essen- 
tially a surgical matter im-olving relief of intestinal kinking, division 
of bands of adhesions, lemoval of new growths, circumvention of con- 
strictions by accessory openings between adjacent intestinal loops 'or 
othei surgical procedures, according to the indications presented by 
the individual case If the patient with such an obstruction comes to 
operation early, this purely surgical therapy is all that is required In 
the paralytic or adynamic ileus, however, a different state of affairs 
exists There may or may not be some physical hindrance to the passage 
of intestinal contents along the intestinal canal, depending on whether 
the ileus was paralytic from the beginning or developed on the basis of 
a piecedmg dynamic ileus If the mechanical factor is still present, 
this, of course, must be overcome as a prerequisite to success in the 
treatment for the paralytic condition, but the relief of a mechanical 
ileus associated with a paralytic ileus is, of course, of no value m itself 
The fundamental abnormality, at least m the early stages before pro- 
found toxemic and physicochemical changes have occurred, is one 
involving the contractility of the muscular tunics of the involved segment 
of intestine Although restoration of normal motility to a segment of 
paralyzed intestine may or may not save the life of the patient, he 
certainly will not recover unless this state of affairs can be established 
There is considerable evidence to support the view that patients suffering 
from intestinal obstruction may live for a considerable number of hours 
in spite of the fact that inevitably fatal organic or physiologic changes 
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have already de\ eloped In this connection it is exceedingly significant 
that not infrequently patients with advanced paralytic ileus succumb 
promptly as soon as the ileus is relieved Indeed, clinicians ot 
experience do not view the lesumption of peristalsis m an intestine that 
has been paralyzed for a considerable peiiod of time with entiie 
equanimity, since the patient may eithei become woise and die or ma} 
rapidly become improved and survive, depending probably on the amount 
of toxin previously absorbed, and the clinician has no available means 
of detei mining which directipn the subsequent couise of events ma} 
pm sue In any case, there is e\eiy reason for believing that any measure 
designed to lestore movement to a paralyzed intestine will oidinanh 
be of value moie or less diiectly m propoition to the promptness with 
which it IS iivioked Pei haps it is hardl}'^ necessary to emphasize in this 
way the fundamental gravity of paial}tic ileus, but in this paper we deal 
primal ily with the value of drugs in the treatment for this type of ileus 

It IS a mattei of common knowledge that diugs, as a rule, are of 
relatively little value in combating the well established and graver forms 
of disease processes m geneial It would seem m ordei, theiefore, to 
emphasize the fundamental importance of the early recognition and 
early tieatment for any abnormal piocess m which lehance is to he 
placed on drug therapy In the following discussion of the usefulness 
of drugs m the treatment for paial}i:ic ileus, all clinical and experimental 
evidence is considered solely in its relation to the case that has been 
recognized early A large part of the experimental eMdence about to 
be cited has been derived from observations on the behaMOi of normal 
or, at least, i datively noimal musculatuie, and it would be gratuitous 
to assume that the reactions observed when dealing with normal oi 
relatnely normal muscle, are directly applicable to muscle that has lieen 
subjected to the changes incident to prolonged paralytic ileus It should 
hardly be necessary to remark that the relief of ileus is not synonymous 
with the treatment for ileus, since the treatment for ileus invokes not 
only lestitution of noimal movement to the intestinal tract, hut also 
the combating of any associated abnQrmal process that may occur m 
connection with the paralysis In this treatise we are concerned soleh 
with a consideration of the use of diugs fiequentlv considered beneficial 
m the stimulation of intestinal motility, drugs which presumabh may 
be of value in restoring normal motility to a paialyzed intestine 

METHODS AVAILABLE FOR THE DETERMINATION OF THE ACTION 
OF DRUGS ON INTESTINAL MOTILITT 

A number of difterent methods ha\e been emplojed in testing the 
action of various diugs on intestinal motilit} 

The first and most fundamental of these imohes the direct action 
of the diug on isolated poitions of the intestinal musculature arranged 
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after the manner of the “Magnus” or “Trendelenburg’ prepaiation 
Usually the isolated strip of muscle has been immersed m an artificial 
blood serum like Locke’s, Ringer’s or Tyrode’s solution to uhich a 
small amount of the test drug has been added The eflfect on motility 
is recorded on a k}mogiaphic drum by means of a system of IcAers 

A second method, which is really a modification of the first, takes 
into consideration not only the muscular tissue as such, but also its 
intrinsic ner\e supply, i e, the plexuses of Auerbach and Meissnei 
The method is essentially the same as the first, except that instead of 
muscle alone, strips of muscular tissue which retain their intrinsic neive 
suppl}'^ are used The two foregoing methods are obviously open to 
criticism in that the conditions involved are artificial However, they 
have the advantage that they tend to reduce the number of experimental 
variables to a minimum 

A third method, and a much more physiologic one, makes use of 
an intact animal with a so-called Thiry or Thiry-Vella fistula In this 
type of fistula a loop of intestine is isolated by transverse incisions made 
at some distance from one another, and the severed ends are stitched to 
the abdominal wall, making a permanent communication between the 
lumen of the segment and the body surface, continuity of the gastro- 
intestinal tract IS then restored The loop of intestine thus isolated is 
made the subject of experimentation The method has the advantage 
of preserving intact the nerve and blood supply to the loop of intestine 
under experimentation, but is unphysiologic in that the loop does not 
maintain its physical continuity with the intestinal tract In determining 
the effect of drugs on intestinal motility, a balloon has ordmanh been 
placed within the lumen of the isolated segment, and intestinal motility 
has been recorded m the form of a tracing on the kymographic drum 

A fourth method consists in the observation of intestinal movement 
by means of the fluroscopic screen This method is more physiologic 
than the preceding one, but it is subject to two disadvantages 1 An 
opaque substance must be present within the lumen of the intestine ni 
order that a recognizable shadow may be produced 2 The outline 
cast b} the opaque material on the fluoroscopic screen is, at best, some- 
vvhat indistinct, and, therefore, subject to misinterpretation hici- 
dentalh the personal equation introduced b)'^ the observer himself must 
be considered, as the method does not ordinarily permit the taking of 
reliable objective records 

A fifth method, if indeed it may be called a method at all, is that 
of the observation of clinical cases The presence of borborj'gmi on 
auscultation of the abdomen and the appearance of flatus and feces at 
the anus are taken as presumptive evidences of intestinal niotihtv 
Although this method is the most physiologic of all, it is also the most 
unscientific So manv variables are present and the personal equation 
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IS of so great importance that obser\ations made when using such a 
method may be untrustworthy 

A \ariation of the last method, which may conveniently be desig- 
nated as a separate or sixth one, is the unaided ocular observation of 
the open abdomen either of experimental animals or of patients The 
method is open to the same criticism as the last method with lespect 
to the personal equation in addition to the criticism that the subiect 
being subjected to study is undei abnormal conditions 

A seventh method, the one that we have used m our expeiimental 
investigations, consists of laparotoni}^ under a general anesthetic and 
the recording of intestinal movement b}’- means of a balloon introduced 
into the intestinal tract at the time of or, at least, just preceding the 
investigation itself This method is open to criticism ( 1 ) because the 
observations must of necessity be made under some form of anesthesia 
or analgesia, (2) because of unavoidable mjur}'^ to the intestinal tract 
incident to the insertion of a recording device into the lumen of the 
intestine, and (3) because of the abnormality incident to the opening of 
the abdomen and consequent changes in pressure relationship and other 
physical influences The last criticism may be o^ercome to a certain 
extent by opening the abdominal cavity within a bath of warm physio- 
logic solution of sodium chloride, and the second criticism ma\ be 
minimized, though not obviated, by gentleness and caie in the use of the 
apparatus 

TECHNIC ADOPTED BY THE ALTHORS 

Many different animals haA^e been used by other iiiAestigatois as 
subjects for experimental observation labbits, dogs, cats guinea-pigs, 
rats and frogs Our own obserA^ations have been made exclusive!} on 
dogs Dogs are particularly suitable for use in experiments on intestinal 
obstruction, because m their intestinal reactions they simulate more 
nearly than most other animals, the reactions obsened m the human 
subject Many of the other common laboratory animals present funda- 
mental oiganic differences in structure from those found in man and 
in any case man}^ of them are too small to be convenienth used according 
to the technic adopted b} us The cat has been used somew hat 
extensnely in experimental investigations of intestinal inotihtA 
especially by Cannon and his co-workers ^ but this animal is unduh 
resistant to the production of intestinal obstruction and it is doubtful 
whether experimental results obtained b\ using such material would be 
directl} applicable to cases in human beings The rabbit another animal 
frequently used in experiments on ileus and also for purposes of 
determining the action of drugs on intestinal motiliti is a particularh 

1 Cannon AV B, and Alurpln F T Phisiolo?ic Obser^atlon^ on F\pen- 
nientalh Produced Ileus TAMA 49 840 (Sept 7) 1907 
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poor experimental animal for use m experiments involving the observa- 
tion or recoidmg of movements of the gut This animal, m addition 
to presenting anatomic peculiarities characteristic of the heibivoious 
animals also presents a hyperactive intestine, and the ileus which is 
charactensticalh seen in many other animals including man, as the 
result of simple opening of the abdomen, is not seen m rabbits, the 
intestinal mo^ement continuing m apparently uninterrupted fashion for 
minutes oi e\en hours after lapaiotoiny has been performed and fre- 
quent!} continuing foi long periods even after the death of the animal 
had ensued Experimental obseivations made on as excitable an organ 
as the intestinal tube of the rabbits would seem to be of relatively little 
1 alue m their application to the human intestine 


Six-three animals were used in the experiments to be reported and the following 
drugs were employed pituitary extract, physostigmme, peristaltin, pitocin, choline, 
acehl choline and hypertonic sodium chloride solution The method of procedure 
uas as follows The dogs were usually anesthetized with sodium barbital intro- 
duced by stomach tube, from 0 25 to 0 3 Gm of the drug per kilogram of body 
weight being introduced m warm watery solution When the animals had become 
anesthetic, as they did after a period of from one to three hours, the abdominal 
wall was incised to the peritoneum, care being taken to insure hemastasis, but the 
peritoneum itself was not disturbed A midline incision was made in the neck 
and the trachea, the common carotid artery and the external jugular vein were 
exposed and isolated The dog was then completely immersed, except for the 
head and neck, in a bath of saline solution heated to from 38 6 to 40 C The 
temperature of the bath was maintained at tins level throughout the experiment A 
cannula was next introduced into the trachea, and connections were made between 
it and a recording tambour The carotid artery was next cannulated, and by a 
s\stem of rubber tubes filled with 2 per cent sodium citrate solution connections 
w'ere made to a mercury manometer provided with a rider, lever and writing point 
The external jugular vein was left exposed for the injection of the various drugs 
bv hvpodermic syringe and needle The peritoneum of the animals was then 
incised and a loop of ileum near the ileocecal junction was carefully^ withdrawn! 


This intestinal loop was manipulated under water A purse-string suture was 
placed m the wall of the bowel at its antimesenteric border, and a rubber tube 
terminating in a thm-walled rubber balloon w^as introduced for a short distance into 
the lumen of the intestine through an incision placed within the purse-string suture 
The purse string w'as then tied tightly about the rubber tube This rubber tub^ 
w'as connected to a tambour and writing point, a rubber bulb was provided by 
w'hich air could be introduced into the intestinal balloon to produce an\ desire 


degree of initial pressure In certain of the experiments normal animals were 
used, but in other experiments, animals m which experimental obstruction had been 
performed previously, the production of this artificial mechanical ileus was ahva'S 
made to precede the experimental obsercations by a period of forty-eight hours 
For the production of obstruction, the abdomen of the animal was opened un er 
ether anesthesia by means of a small low right rectus incision The terming 
ileum was located and was encircled by^ a piece of umbilical tape, the tape eii-, 
tied sufficienth tightly to effect complete closure of the intestinal lumen 
sufficiently tighth to produce strangulation of the intestine at tins point 
number of animals in which the tape was tied too tighth, the animal siiccuin 
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to perforation and generalized peritonitis The obstructed loop of intestine was 
replaced within the abdomen, the abdominal wound was sutured m laj^ers, and 
the animal was allowed to recover This procedure was, of course, performed under 
strictly aseptic conditions 

Using the technic previously described, tracings of the respiratory rate, the 
blood pressure and the intestinal movement were all obtained on a relatively narrow 
strip of kjmographic paper A long paper kymograph was used, and the drum 
was adjusted to revolve at a relatively low rate of speed so that observations 
could be continued over considerable periods of time, viz , from two to three 
hours In certain of the experiments three balloons were inserted into the gut 
instead of one, the first balloon being inserted into the duodenum, the second 
into the ileum and the third into the colon In the case of the animals that had 
undergone previously obstruction with tape, an additional opening was usually 
made into the terminal ileum, and a catheter vv'as introduced in order to permit 
decompression of the dilated and fluid-filled intestine at that point and also to 
permit of observations on the efficiency of the various agents in actually extruding 
fecal material from the intestinal lumen 

Certain control experiments not specificially mentioned were made under ether 
anesthesia and others under local infiltration analgesia 


REVIEW or THE LITERATURE 

The Atfion of Pifmfaiy Extiact — Oliver and Schafer - ate guen 
Cl edit for having introduced extracts of the pituitary gland into the 
practice of medicine by their demonstration of the action of extiacts 
of this gland on smooth muscle Largely because of the admitted stimu- 
latory influence of pituitar) extract on the smooth muscle of the uteius, 
It has been assumed that it has a similai effect on the smooth 
muscle of the gastio-intestinal tiact, though this assumption has nevei 
been universally accepted Ba}er and Peter® found that extracts ot 
the posteiioi lobe of the pituitary gland usually caused a stimulation of 
excised rabbit’s gut after a preliminary period of inhibition Houssav f 
m 1922, was able to coiroborate this observation on excised labbit's gut 
as fai as the stimulatory action of extract of the posteiior lobe was con- 
cerned In certain cases, however, he obtained inhibitions of intes- 
tinal movement, which he interpreted as being due to the action of 
chloretoiie contained m commercial preparations of the drug He 
expressed the belief that chloretone-free preparations alwajs act as 
stimulants King and Church,® m 1923, using isolated preparations from 
the muscularis mucosae, found that when pituitar} extract was applied 
to “cylinder” preparations, it caused definite shortening of the tissue, 
an effect which they had never been able to obtain b} injecting pituitar) 

2 Oliver, G, and Schafer, E A J Phvsiol 18 277, 1895 

3 Bav er, G , and Peter, L Arch f exper Path u Pharinakol 64 204 1911 

4 Houssav, B A Accion fisiologica de los extractor hipofisiarios, Buenos 
■kires, 1922 

5 King, C E, and Church, J G A.m J Phvsiol 66 428 1923 
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extract into In mg animals Cioss,® using isolated pieces of the appendix 
taken from human patients at operation and suspended m Locke’s solu- 
tion at a temperatuie of 37 C , found that the addition of 0 5 cc of 
pituitary extiact to the solution pioduced a slight mciease m tone m the 
musculature Kaufmann," m 1927, using a histamme-fiee preparation 
and one that did not contain chloretone found that concenti ations of 
pituitai} extiact vaiying from 1 10 000 to 1 100 000 had no eftect 
either on the duodenum or on the jejunum, ho\ve\ei, such concenti ations 
caused a definite stimulation of the ileum in both cats and labbits Ihe 
effect consisted of a definite mciease m tone as well as an mciease in 
the pendular morement and an mciease m the fiequenc} of this moie- 
ment 

In the case of the colon, concentrations of fiom 1 250,000 to 
1 1,000,000 frequently produced a tjpical effect characterized by a 
prelimmar). phase of inhibition of tone and cessation of pendiilai moie- 
ment, soon followed by a definite increase in tone and an mciease in 
pendulai movement Uno found that a chloretone-free pieparation of 
the posterior lobe of the pituitary gland had an inhibitor} action on 
pendular movement and tone in the excised gut of the rat McIntosh 
and Owmgs m 1928, woikmg with animals subjected to experimentally 
produced intestinal obstruction and measuring the mtra-mtestmal ten- 
sion by means of a special appaiatus introduced into the gut, found that 
freshly prepared pituitary extiact invariably showed a relaxing rathei 
than a contracting effect on the intestinal musculatuie Biunner and 
Weigand obserred under the fluoroscope the large bowel of cats to 
which a barium sulphate enema had been given Pituitaiy extract was 
thought to be of little ralue m the stimulation of colonic movement 
Gariy, “ in 1927, found that only exceptionally was stimulation of the 
small bowel of the gumea-pig pioduced by injection of the extiact 
of the posterior lobe or of the pars intermedia of the pituitary, and 
when stimulation was produced, it was but tempoiary 

Concentrations of the drug of 1 1,000 or more characteristicalh 
produced inhibition of peristalsis, which was of long duration Ross, 
in 1926, using a rubber balloon introduced into the intestinal lumen of 
a normal experimental animal, found that pituitaiy extract fiequentlv 

6 Cross, D G T Kerr Bnt M J 1 9, 1924 

7 Kaufmann, Margot Arch f exper Path u Pharmakol 120 322, 1927 

8 Uno, T Am J Ph>siol 61 203, 1922 

9 ^McIntosh, C A , and Owmgs, J C The Effect of Solutions of Pituitar 
and \^anous Drugs on the Movements of the Small Intestine During Simp e 
Mechanical Obstruction, Arch Surg 17 996 (Dec ) 1928 

10 Brunner T and Weigand, W Khn Wchnschr 8 lllS, 1929 

11 Garrj , R C Arch f exper Path u Pharmakol 120 348, 1927 

12 Ross, J M Canad III A J 16 241, 1926 
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failed to produce aii}" motor response m the gut Voegtlm and D}ei 
using rats as experimental animals, found that m chloietone and 
histamme-fiee preparations of extract of the posterior lobe both tone 
and pendular movement were inhibited Dixon m 1923 found that 
although extracts of the posterior lobe of the pituitary caused stimula- 
tion of the small intestine an inhibitory action uas produced m the 
colon MacDonald,^® in 1925, stated the belief that although the action 
of extracts of the posteiior lobe of the pituitary gland is essential!} 
stimulatory to the intestinal musculature, this action is due especialh 
to contamination with histamine, and that if this is remo^ed, the stimu- 
lating action of the drug is largel} destroyed Ross found pituitar} 
extract stimulating to rabbit’s gut, and expressed the belief that when 
this eftect is not seen, contamination with chloretone is responsible 
Degener observed a characteristic inhibitory action ot extract of the 
posteiior lobe of the pituitary gland on the pendular movement of the 
small intestine m the rat Guggenheim m 1914 found that pituitar} 
extract produced stimulation of excised rabbit’s gut, but that ho\\e\er 
if alkalis weie added to the extract, the stimulating eftect was not 
destro}ed the stimulating eftect on the uterine musculatuie ho^^e^er 
was destroyed by this procedure 

Clinical reports on the efficacy of pituitar} extract m the treatment 
for intestinal obstruction are rather abundant Blau Bell was among 
the first to make use of and advocate the use of pituitar\ extract 
clinically for its effect on the intestinal musculature Bidwell reported 
fa^orably on the routine postoperatne use of pituitar} extract foi its 
eftect on peristaltic activity For adults he ad^ocated the use of 1 cc 
six hours after operation the dose to be repeated e^er} four hours 
until eighteen doses had been gi\en He credited this therap\ vith 
fa\orable results — the early passage of flatus marked absence of 
abdominal discomfort and satisfactoiy action of the bowel after the 

administration of an enema This report of course comes from the 

period m surgery when the early resumption of intestinal activit} uas 
considered a clinical desideratum and the surgeon became u orried 
unless there vas a copious bowel movement vithm the fiist t\\ent}-four 

13 Voegtlm, C, and D^er, HA T Pharmacol Exper Therap 24 101, 
1925 

14 Dixon, W E J Ph^sIol 57 179, 1923 

15 MacDonald, A D Quart J Exper Plnsiol 15 191 1925 

16 Degener, L M Am J Plnsiol 60 107, 1922 

17 Guggenheim, At Biochem Ztschr 65 189, 1914 

IS Bell, Blair Brit M J 2 1609, 1909 

19 Bidwell L A In\ estigation into Effect of Pituitar\ Extract on BowcE 
after Abdominal Operations, Clm J 38 351 (Sept 6) 1911 abstr JAMA 
57 1242 (Oct 7) 1911 
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hovtrs postopeiatuely Duffej repoitmg fiom the same general penod 
as the preceding author, stated that pituitai}^ extract was used with 
farorable lesults m ten cases of postoperative stasis It was the cus- 
tomaiy routine of this author to cause the patient’s bowel to move 
within thirty-six hours after operation by the use of mild mercurous 
chloride and within foity-eight hours by the use of an enema His 
advocacy of the method is dependent on his observation that the bowels 
would frequently move with the aid of pituitary'^ extiact, when they 
would not by routine methods 

Mayei,-’^ m 1924, leportmg on the use of pituitary'- extract in the 
treatment foi postoperative ileus repoited fifty'^-two cases, in thirty-six 
of which the injection of the drug was followed by defecation and the 
passage of flatus Vogt,-- reporting on the lesults of pituitary extract 
and intravenous salt solutions combined m the treatment for intestinal 
obstiuction, stated that when this therapj'^ is used farorable lesults are 
seen in that the pulse rate becomes slowei and stiongei, the blood 
pressure becomes increased, and usually within the course of from fi^e 
to seven minutes the patient feels uncomfortable in the region of the 
abdomen and soon theieafter evacuates both gas and feces He stated 
that pituitary extiact affects the entiie intestinal tiact, and this he 
believed to be a factor of value in the treatment which he lecommended 
He considered that the sahne solution is of value merely in diluting and 
causing the excietion of the toxin He reported the recovery of fifteen 
patients in a senes of eighty'--one cases, a peicentage of 22 2 He 
expressed the belief that if the intestinal tract does not respond to the 
use of hypophysin, the intestine is in a state of complete paralysis 
Krinsky?^ m 1927, repoited a severe case of ileus secondary to peri- 
tonitis, in which the pituitary-salme infusion of Vogt was belieied to 
have saved the patient's life 


The Action of Physostigmine — Phy'^sostigmine is the active principle 
of the calabar bean Physostigmine has been used clinically for its 
action on the intestinal tract for nearly'^ fifty'- yeais Frohner- is 
authority for the statement that phy'sostigmine was originally used in 
vetennaiy'^ suigery in the treatment for ileus in animals, for instance m 
colic, by Dieckerhoff in 1882 Westeimann-® repoited the occurrence 
of tetanic contraction of the intestinal wall m cats, rabbits and dogs m 


20 Duffey, R New York M J 101 72, 1915 

21 Majer, A Munchen med Wchnschr 71 931, 1924 

22 Vogt, E Munchen med Wchnschr 73 1509, 1926 

23 Krinsky, A , and Stem, E Zentralbl f Chir 54 591, 1927 

24 Frohner, E Toxikologie fur Thierarzte ed 2, Stuttgart, Fer man 
Enke, 1900 

25 Westermann, W Untersuchungen uber die Wirkungen der Calabar 
Dorpat, 1867 
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from eight to ten minutes aftei the administration of 2 5 per cent 
gl 3 xerm solution of the alcoholic extract of the calabar bean and offered 
the hypothesis that this effect was due to stimulation of the sympathetic 
ganglions m the intestinal wall Alvaiez,-® working with excised seg- 
ments of rabbit’s gut, observed that ph} sostigmine, as well as certain 
other drugs, increased the tone of the musculature of the intestinal w all 
from the duodenum to the colon, wheieas pituitary extiact, wdiich has 
been considered previously, characteiistically presented a depressant 
effect on the late of contraction Cioss,® using segments cut from the 
appendix removed at operation from human patients, found that ph 3 'sos- 
tigmme, when exhibited after pituitar 3 '- extiact, produced a Aei 3 " definite 
increase in the musculai tone, the pituitar 3 '^ extract itself producing onh 
a slight increase When the same two diugs were emploied m 
the reverse oidei, there was ielativel 3 ^ little effect The use of pituitan 
extract following ph 3 rsostigmine produced onl 3 " a ielatnel 3 ^ slight 
increase m tone Baur,-" using a Trendelenburg preparation and 
physostigmme salicylate, found that this drug produced little change m 
the tone of the intestinal musculature, but produced marked increase 
in the amplitude of peristalsis, especially in the longitudinal muscle 
fibers On the basis of differences m action between the longitudinal 
and circular muscle responses, he expiessed the belief that the action 
of the drug consists m increasing or changing the irritabiht 3 of Auei- 
bach’s plexus Ludlum and McDonald m 1926, found in one clinical 
case that the administration of %4 grain (0 00101 Gm ) of ph 3 sostig- 
mine sulphate twice a day for six da 3 ^s produced a markedh contracted 
state of the colon, as shown on the fluoroscopic screen LeHeux m 
1921, working by the roentgenographic method found that physostig- 
mme produced cramplike contractions of the gastro-intestinal tract 

Brunner and Weigand,^® working Iw the fluoroscopic method and 
using cats, found that the exhibition of ph 3 sostigmine produced a hveli 
movement in the intestinal tract of these animals, which within from 
tw'^ent 3 r to fort 3 ^ minutes resulted in active defecation Oppenheim 
wmrking woth rabbits and dogs, inflated the bow’^el through the rectum 
opened the abdomen, made a small opening in the colon and then 
injected 0 003 Gm of ph 3 ^sostigmine salic 3 date Immediateh following 
the injection feces and gas w^ere expelled from the colostomj opening 
Tw^entv minutes after the injection the maximum action of phj sostig- 
mine had been attained and the action of the drug was found to last 
fiom one half to three quarters of an hour Baur-' working with the 

26 A.harc7 Walter C Am J Plnsiol 46 554 1918 

27 Baur, M Arch f exper Path u Pharmakol 131 233 1928 
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alcoholic extiact of the calabai bean in cats, found that the drug pio- 
duced a marked spasmodic contraction of the entire gastio-intestinal 
tract from the stomach to the rectum, with the pioduction of watery 
evacuations mixed with blood and mucus Ross,^-’ using expeiiniental 
animals and a graphic method involving the introduction of a nibber 
balloon into the intestine, found that physostigmme was of greatei \alue 
than pituitaiy extract in the stimulation of intestinal movement but he 
legal ded even physostigmme as a lelativel} valueless drug Traieisa,®^ 
in 1899, working on the phai macologic action of physostigmme, stated 
that the action of this drug on the intestinal tract is not modified b) 
the exclusion of the medulla, the A'agus and sympathetic nerves oi the 
celiac ganglion The contractions produced b} the ditig could be pie- 
vented or stopped, howevei, by the administration of atropine Cannon 
and Muiphy,’^ m 1907, injected physostigmme into animals in which 
ileus had been pioduced b} crushing the testicle of the animal while 
under general anesthesia Although in then experience the inhibition of 
the drug resulted in no hyperpei istalsis m a noimal animal, it pioduced 
a definite, though tempoiary, mciease in pei istalsis m animals so treated 
Hellei,®- 111 1883, repoited the use of the calabar bean in combating 
constipation and flatulence due to atony of the intestines Clinical cases 
showed favoiable effects Subbotin®^ used the extiact of calabai bean 
and also the extract of Physostiqma with good results in cases of atony 
of the bowel Schaefer,^'* in 1880, repoited good lesults fiom the use 
of the calabai bean in five cases of chronic constipation and flatulence 
In the earlier years of the present centuiy, a numbei of authors used 
phj'-sostigmme salicylate both as a piophylactic and as a cuiative measure 
in the treatment for postoperative ileus As pieMously stated early 
postoperative evacuation of the bowel was consideied desiiable or almost 
necessary at that time Noorden,®® in 1901, repoited favoiabl) on the 
use of physostigmme, repeated at inteivals in diminishing doses and 
beginning with 0 5 mg Packard,^® in 1902, leported a case of copious 
intestinal evacuation as the lesult of the injection of %jo grain 
(0 001 Gm ) of physostigmme salicylate, which was lepeated in two 
hours, this was in a case of intestinal obstruction In 1904, Packaid” 
lecommended the injection of 0 001 Gm of physostigmme sulphate 
immediately postoperative!) He expressed the opinion that the action 
of the diug persists for three oi four houis The beneficial results 
obtained fiom the use of the chug w'^ere absence of distention and 
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passage of gas by bowel within a ver} few hours of the completion of 
the operation Arndt,®' in 1904, leported fi^e cases in which the injec- 
tion of ph} sostigmine sahcjdate was appaiently of hfe-saving value and 
stated that he had never seen this diug fail in the treatment of patients 
with ileus, except in cases due to acute bacterial peritonitis Vogel,®® 
in 1904, leported favorable lesults following the routine injec- 
tion of 0 0004 Gm of physostigmine given to patients soon aftei 
operation, during three years he saw no cases of ileus In cases of 
intestinal adhesions, he lecommended the injection of physostigmine 
while the patient was still on the opeiating table He expiessed the 
opinion that this method was of prophylactic value in the pie\ention of 
recurrent adhesions Craig,®® in 1904 and 1905, warmlj advocated 
the prophjdactic use of ph 3 '’sostigmme in the prevention of postopeiatne 
ileus, especially in the pievention of postoperative ileus due to adhesions 
Goth,"*® in 1908, reported the cases of thiee patients with ileus tieated 
successfully by the administration of phi^sostigmine at a time v hen the\ 
were appaientlj^ moiibund Moenninghoft warml}^ recommended the 
prophylactic use of physostigmine in the prophylaxis for distention fol- 
lowing laparotonty He gave gram (0 001 Gm ) of the diug 
immediately following operation and followed this with an enema, 
because he believed that physostigmine acts onl\ on the small bowel 
Martzloft,'*-’ in 1924, in a clinical lepoit fiom the Johns Hopkins Hos- 
pital, said that he found the prophylactic administration of pin sostig- 
mine salicylate in a dose of 0 01 Gm and stri'chnine sulphate m a dose 
of Vio gram (0 001 Gm ) gnen hypodeimically of little or no \aluc in 
the piophjdaxis of postoperative complications He reported the cases 
of 162 patients observed during a peiiod of ele\en months, all of whom 
had been subjected to major abdominal operations under ether anes- 
thesia The senes of cases is wHl controlled in that alternate cases 
received drug therapj^ He concluded that distention gas pains and 
emesis occui moie fiequenti}" in patients treated thus than in a similar 
series of untreated patients Voluntan mictuiition was also established 
eailier in the nontreated than in the treated patients I\lartin and 
Weiss reported faA'orablj on the use of phj sostigmine in the treatment 
foi abdominal distention Their clinical obscr\ations led them to bclie\e 

37 Arndt Gusta\ Zentralbl f Gjiiak 28 273, 1904 

38 Vogel, K Zentralbl f GMiak 28 699, 1904 

39 Craig, Daniel H Am ] Obst 49 449 1904 

40 Goth L Zentralbl f G\nak 32 1629 1908 

41 Aloenninghoft, FT T Missouri if A 5 193, 1908 

42 Afartzloff K H Bull Johns Hopkins Hosp 35 370 1924 

43 Martin H E and Weiss S The L se of Pin so^tigmin in Abdominal Dn- 
Kntion T A M A 84 1407 {Ma% 9) 1923 



936 


ARCHIVES OF SORCERY 


that the smallest single therapeutic dose that will afford relief is 2 mg , 
01 gram The average dose which they employed was 4 mg, or 

giam (0 004 Gm ) As high as 13 mg , oi % gram, was administeied 
to one patient They administer the drug Ijy the intramuscular route, 
and m from ten to forty minutes after the injection they found that the 
patient belches or expels gas from the rectum This effect gradually 
increases in frequenc)^ and the rolume of gas expelled also increases, 
defecation characteristically occurs, sometimes accompanied by moderate 
colic In a total of sixteen cases of alidommal distention following 
laparotomies all of the patients were relieved from their symptoms by 
the injection of the drug Vogel recentl}, m 1928, reported good 
clinical results with the use of phjsostigmine 

The Action of Choline and Acetyl Choline — In 1912, Weiland'*^ 
made the accidental observation that when isolated strips of intestine 
were allowed to contract for considerable periods of time m Ringer’s 
solution, the Ringer’s solution when brought into contact with other 
pieces of intestine show^ed the property of producing excitation m them 
The substance responsible for this reaction was isolated first m Magnus’s 
laboratory at Utrecht, by L'eHeux Magnus thought that he had 
isolated the hormone responsible for the regulation of intestinal actmty, 
since It was found not to affect the uterus or heart but was specific for 
the intestinal musculature This substance called choline, is apparently 
derned from the intestinal musculature itself, and the intestine has been 
found to conserve its supply of the material The first experiments 
wnth choline w^ere performed in Magnus’s laboratory, and it w'^as found 
b} fluoroscopic examination that paral}sis of the intestine induced by 
prolonged chloroform narcosis Avas speedil) relieved b) the injection 
of from 5 to 15 mg of choline per kilogram of body w'^eight 
Magnus determined the safe intravenous dose m cats as 20 mg of the 
substance per kilogram of body w'-eight, and he found that rvhen injected 
at a rate of 0 8 mg per kilogram per minute large doses of the drug 
w^ere tolerated Holt and Grossman stated that choline is normally 
present in the musculature of the stomach and the intestine They said 
that the substance is not absent from the gut in ileus Magnus,"*® in 1925, 
stated that choline activates the plexus of Auerbach, since, if the plexus 
IS remoAed, much larger doses of choline are required to stimulate the 
muscle He stated that the isolated small intestine of the rabbit gwes off 
3 mg of choline from its serosal side during the course of an hour 
This author ■*® is authority for the statement that the choline content is 
almost iiiAanably found to be normal in all cases saA'e in morphine 
poisoning 
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Guggenheim and Loeffler made quantitatne analyses of the 
amount of choline m the blood and urine The} found that a liter 
of urine contained from 0 002 to 0 01 Gm of choline h}drochloride, 
and that a liter of serum contained from 0 002 to 0 02 Gm Choline has 
the formula trmethyloxyethylammonium h}drochloride Dale/® m 1914, 
investigated the action of four diflferent esters of choline ( 1 ) the 
choline nitrous ester the so-called synthetic muscarine of Schmiedeburg 
and Harnach, (2) the choline nitric esther, (3) the choline eth}l ether, 
and (4) acetyl choline All four substances were found to be powerful 
stimulants to the musculature of the esophagus and stomach and to the 
small and large gut In the intact animal, acet}l choline was found to 
be the weakest of the four drugs w^hen injected mtra\enousl\ , the other 
esters showed more powerful and prolonged action On the isolated 
muscle, however, acetyl choline was somew'hat more actne than the other 
three The explanation offered for this observation is that acet\l choline 
IS very rapidly oxidized m an alkaline medium , the drug, when injected 
intravenously, reaches the heart relativel} rapidh and affects it maxi- 
mally, but It reaches the intestine only after considerable time has 
elapsed, during which oxidation has occurred Dale found that 
0 000001 mg of acet}l choline produced a definite decrease in the blood 
pressure of the cat LeHeux isolated acet\l choline, as well as 
choline, and acetyl choline was found to produce a reaction ot the order 
of a hundred times as great as choline alone LeHeux working in 
1921 and experimenting on the choline esters of succinic, p\ru\ic 
butjric, isovaleric and benzoic acids, found that the succinic ester of 
choline show'ed no greater effect than did choline alone He ga\e the 
relative ^alue of the various other esters as follows The choline ester 
of acetic acid is 1,000 times as pow'erful an intestinal stimulant as choline 
Itself, propionic acid, 300 times, formic acid 100 times, but\ric acid, 
40 times, isovaleric acid, 15 times, and benzoic acid, twice 

Most authors accept the statement that acetjl choline is 1 000 times 
as pow^erful an intestinal stimulant as is choline, e g Wolf and 
Canney ■*'' and IMagnus 

WMlf and Canney reported the effect of the injection of choline 
in four clinical cases in three of w'hich the injection was belieeed to haee 
been of hfe-saving value AraH^’ was able to rcheee exjKnmentalh 
produced ileus in cats by the use of choline, ileus haeing been produced 
(1) b\ intrapentoneal injections of iodine ( 2 ) In lajiarotonn aivl 
trauma to the intestine and (3) In the production of an infectne peri- 
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tonitih Klee and Grossmann repoited that the}^ had given choline 
intravenously in 120 cases, only a few of which, howevei, have been 
cases of ileus They used puie choline hydi ochloi ide, one ampule of 
w Inch contained 0 6 Gm of the drug They added the drug to 240 cc 
of steiile warm saline solution and intioduced the solutiron into a vein 
slow Iv by gravitv Holt and Grossman ■“* advocated a dose foi man 
of 600 mg per kilogiam of body weight, given ovei a period of seven- 
teen minutes, favorable case repoits aie included Magnus,'‘® m 1925, 
adiised a dose of 10 mg of choline per kilogiam of body weight m 
man This dose, he said, should not be given faster than 0 6 mg pei 
kilogram per minute, the injection of such a dose occupies seventeen 
minutes Carlson, Smith and Gibbens attempted to deteimine the 
action of choline on the alimentary tiact of intact dogs Using 
baibital anesthesia, introducing rubber balloons into vaiious paits of 
the gastro-intestmal tiact, theieaftei closing the abdomen with as little 
tiauma as possible, and recording mov^ements of the intestine bj means 
of a water manometer, they found the effect of choline on the motor 
phenomena vaiiable consisting of (1) puie inhibition of tonus and 
motility, (2) inhibition of tonus and motility followed by a peiiod of 
increased tone and (3) a rathei exceptional observation, increased tonus 
and motility without inhibition The small intestine was found to be 
most sensitive to the action of choline, it chaiacteiisticall}'’ shoivecl 
inhibition of tone and motility, followed by increased tone, sometimes 
puie inhibition oi puie augmentation of tone was noted The stomach 
was found usually to be insensitive to small doses but when laigei 
doses were given it usually showed late and temporal y inci eases of tone 
The tiansveise poition of the iaige intestine tisuail} exhibited depies- 
sions of tone and motility but occasional!}' showed slight inciease of tone 
LeHeux,"’’ by means of roentgenogi aphic studies, was able to demon- 
stiate that the administration of choline stimulated the movements of 
the stomach and small intestines and hastened the passage of intestinal 
contents thiough the lumen of the large bowel Von Kuhlewein 
found b) fluoioscopic studies that chloioform anesthesia produced, 
within a period of two hours, an ileus that lasted for twenty minutes 
This v'^ariety of ileus was reliev'^ed to a large extent by the injection of 
from 0 005 to 0 15 Gin of choline hydrochloride per kilogiam of bodv 
weight Immediately after the administration of this dose of choline 
definite evidences of peristalsis could be seen Guggenheim and 
Loefflei expiessed the belief that the activ’atmg substance in intestina 
mov'ement is in realit) not choline but acetyl choline Bnmner aw 
Weigand expiessed the belief that acetyl choline should not be usee 

51 Klee, P , and Grossmann, O ^Munchen med Wchnschr 72 251, 

52 Carlson A T Smith, E A and Gibbens. I Am J Pins.o! 81 431 14-/ 

53 ^on Kuhlewein M Arch f d s?es Phvsiol 191 99 1921 
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chnically foi the relief of ileus because of the danger of uiifa\oiable 
associated actions of the drug 

The Action of Hypei tonic Sodiinn Chloiidc Solutions — Ross 
in 1926, in experimental animals using a rubber balloon introduced 
into the normal intestinal canal and connected b} means of lubber 
tubing to a manometer, showed that following the injection of a 
30 per cent solution of sodium chloiide in a dose fiom 0 33 to 0 166 Gm 
per kilogram of body weight, there was an immediate mciease m tone 
followed by marked peristalsis Injection of sodium chloiide m this 
manner succeeded in producing eftects m cases in uhich both 
physostigmine and pituitarj extract had failed to pioduce anj i espouse 
He reported three clinical cases m which the mtia\enous injection 
of Inpertonic salt solution w^as successful in oveicoming ileus aftei 
all othei measures had failed Coleman in 1927, woiking on the 
basis of Orr’s suggestion that 3 per cent sodium chloiide solution can 
be used in cases of ileus to combat intestinal paiahsis, repoited thiit\- 
eight clinical cases occurring o\er a peiiod of six \ears, from Januan 
1921 to December, 1926 The cases are divided into two groups In 
the first series in which saline solution w'^as not used the\ leportcd 
tw^enty cases of ileus with ten deaths a moitalit} of 50 pei cent In a 
second series of cases, numbering eighteen, making use of 3 pei cent 
sodium chloride, they repoited only two deaths or 11 1 pei cent The\ 
admitted that the series of cases was small but the\ expiessed the 
opinion that the tw'o senes are comparable and that the deci eased 
moitalitjf m the second gioup of cases is due entiielj to the use of 
the 3 per cent sodium chloiide solution McIntosh and Owings ' 
using a special technic foi recording inci eases of intestinal jiressuic 
in animals found that concentrated solutions of sodium chloiide weie 
capable of inci easing the intra-mtestinal piessure Raine and Pcrr\ 
using labbits and employing a special technic for the recoiding of 
intra-mtestinal pressure found that in obstructed animals the intiaie- 
nous administration of 5 pei cent sodium chloride stimulated peiistahis 
sufficient^ to cause piopulsion of the intestinal contents and gne 
lelief from inci eased mtra-mtestmal piessure 

RCPORT or n\pnRiMCXT\L RLsems 

Pi cltininoi V Note — The experimental results to be reported .ire 
piesented m as objectne terms as possible The figures for blood 
picssute are subsequenth gnen and represent absolute \ allies a'- 
recorded In the mercuri manometer Increases m mtestmal tone and 
inoieinent are leported also in teinis ot figure-' These figmes hou- 

5A Coknnn E P Anestli Analsr 6 210 1927 

5 s Rnint. E md Pern M C Intestinal Ohstruction Arch s-ur^r 19 
fSept ) 1929 



940 


ARCHIVES OF SURGERY 


evei, repiesent no absolute values, but lathei nulhmeteis of exclusion 
of the recoidmg point on the kyniog-i aphic chum As the exclusion 
of such a recoidmg level depends not only on the amount of move- 
ment in the intestine but also on vanable mechanical factors, such as 
the length of the levei and the distance of the fulcium fiom the point 
of application of force, these figures are of only lelative significance 
Howeiei, as the physical disposition of appaiatus was not changed 
dining the entire course of the experiments lepoited m this communi- 
cation, the figines given are diiectl} compaiable, and the amount of 
absolute movement of the wntmg point becomes of compaiatively 
little importance 



Fig 1 — Kvmographic tracing, showing the effect of the injection of 1 cc of 
obstetrical pituitary extract into an animal with an artificial obstruction of forty- 
eighty hours’ duration The effect on the blood pressure is typical There is an 
initial phase of increased blood pressure, a second phase of decreased blood pressure 
to a low level and a third phase of increase of blood pressure to a new high level, 
followed bv a progressive and prolonged decrease to normal The effect on the 
ileum IS somewhat atypical m that a slight preliminary increase in tone is noted, 
but this IS transient and is followed by a typical effect, namel}, a progressive 
decrease m tone and absence of stimulation of motor activity 

T/ie Effect of Pituitaiy Evfiact — The effect of the intiavenous or 
intramuscular injection of 1 cc of pituitary extract was observe 
twenty-nine times in twenty-four animals Twenty of these obser 
vations were made on normal animals and nine m animals with a 
fort} -eight hour old mechanical obstruction 

The effect of pituitary extract in the case of normal animals vvas 
as follows 
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(a) On the Blood Pressure The characteristic eftect of the injec- 
tion of pituitary extract on the blood pressure consisted of three phases 
(1) a transitoiy increase, which was moderate m degree, (2) a subse- 
quent depression to a value below noimal and (3) a subsequent increase 
soon thereafter to a level much greater than before After this the 
effect tended to be persistent or to subside, the blood pressure being 
maintained for many minutes thereafter at a relatueh high le\el or 
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Hg 2 — K\mographic tracing showing the effect of tiie intra\Lnoiis in]cction 
of 1 cc of pituitarr extract on the blood pressure duodciiuin, ileum and colon 
Within about a minute the blood pressure shows a marked increase which is 
sustained witli slight lanations for a period of about two minutes alter winch it 
progressneh decreases during a period of about three minutes to a point below 
the normal ieeel Within a minute duodenal moxement winch preeious to the 
injection had been considerable, was reduced almost to the \anislnnit point, aiirl 
a moderate decrease in mtestinal tone occurred In about fi\e nnmites duoeienil 
moeements began to be reestablished The effect' on the ileum and colon are 
slight There is possible a slight decreave m tone in both ileum and colon 

u gradual decrease in pressue then uccurring Uir a 'imilar ])eno<I ut 
tune (fig 1) Although this was the etlect charaeteristic.ilh 'ten \ in- 
atiuns were nut intreqiienth eneountered In tact m cenam r.-re 
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cases injection ot the drug pioduced a simple depression m the blood 
piessure In seventeen o£ the twenty observations the first phase ot 
initial rise m blood pressure, as previously described, was encountered 
This occurred in from one to five minutes, and the average inciease 
m blood pressure encountered was 37 mm of mercury In two cases 
during a compaiable initial period there was no change in the blood 
piessure, and in one case a slight depression was encountered In 
the succeeding period of from one to five minutes, the blood pressure 
showed the characteristic secondary decrease in six of the observations 
The a^erage decrease w'as 32 5 mm of mercury, the initial normal 
blood pressure of the animal being taken as a standard In se\en 



Fig 3 — K 3 ^inographic tracing, showing the effect of 1 cc of pituitary extract 
on the blood pressure and on the ileum In this case about two minutes after t le 
injection of pituitary extract the blood pressure increased rather abruptlv an 
remained for at least ten minutes at a somewhat elevated level Within one 
minute movement m the ileum, which previously had been considerable, 
almost completeh", and a decrease in intestinal tone occurred which persiste 
at least ten minutes 

cases in the second phase the blood pressure showed no decrease but 
remained sustained In the other cases (namely, seven) variations o 
blood pressure dtirmg the second phase interfered with the interpretatio 
of the results obtained In the third phase of the reaction four o 
animals show^ed still further increases in the blood pressure, the 
increase being 31 mm of mercurv Animals that previous} 
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shown a sustained eftect during the second phase continued to show 
this eftect, and in the animals that had showm no distinct change in 
the second phase no characteristic eftect w^as seen in the third stage 
{h) On the Intestine The characteristic eftect of pituitar\ extiact 
on the intestine was one of decrease in tone and inhibition and 
peristaltic movement There w^ere however a few notable exceptions 
to this rule Quoting figures from the statistical stud} decrease in 
tone was noted m sixteen of the twent} cases, no change of tone was 
encountered in two cases and in two cases actual increases of tone 
occurred The average decrease m tone in all cases in w Inch the decrease 



I'lg 4 — KMiiographic tracing^ showing the effect of the injection of 2 cc ot 
obstetrical pituitary extract intramuscnlarh No noticeable effect on the blood 
pressure is seen The effect on the ileum is characteristic \N ithin two and one- 
half nunutes, intestinal ino\einent, which pre\iousl\ had been rather actuc 
subsided and moderate decrease m intestinal tone ensued 

could be measured was 7 5 mm In the two cases that showed 
increases of tone (10 per cent of the cases) the eftect was jironounced 
the aeeiage increase being 26 mm 

In 75 pei cent of the cases (filteen cases) the ainjilitiule of mte-tinal 
iiKweinent either remained as betore the injection (ii\e cases 25 jier 
cent) oi decreased somewhat The aeerage decrease was 3 2 mm 
In 25 per cent oi the cases that is in fi\e cases miection of the drut; 
lesulted 111 increased amplitude of intestinal mo\enieiit axeracmit^ 5 mm 
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(c) Eftect on Respiration No constant eftect was noted on the 
respirations of the animals used In nine cases inteipretation of the 
respirator} tracing was not clear In five of the remaining cases 
the injection of pituitaiy extract produced no effect, and in five it pro- 
duced a moderate deciease in respirator} excursion 

The eftect of pituitary extract on animals with obstruction was as 
follows 

(a) Eftect on the Blood Pressuie On the blood pressure the 
injection of pituitaiy extract invaiiably (except one case) piodiiced 



Fig 5 — Kymograpliic tracing, sliowing tlie effect of the intramuscular injection 
of 1 cc of obstetrical pituitar}' extract In this case relativelj little effect on t ie 
blood pressure is seen, although a transitory (two minutes) slight increase ni i 
blood pressure may have been due to the effect of the drug After five minute 
intestinal motility in the ileum, which previously had been actn e subsided am j 
progress!! e decrease in tone ensued The latent period in this case is rather oUn^ 
but the pituitary extract was injected intramuscularlv, and this mai account 
the retardation of the eftect 

an initial phase of temporary increase which occurred in from one hal 
to three minutes The average increase during this phase was 41 8 nin 
of mercur} In the second phase, wnthin one-half minute or 
the blood pressure decreased on an average of 56 mm m fi^ o oi 
nine cases A third phase occurred m four of the animals wit no ^ 
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(c) Eftect on Respiration The eftect on respiiation seen in these 
animals was MitiiaJIy ml In three cases, howevei, the respiiatoiy ampli- 
tude seemed to be somewhat decreased 

(d) Compaiison of the Effect of Pituitaiy Extiact in Normal Ani- 
mals and in Animals with Obstructed Guts The senes of animals sub- 
jected to the injection of pituitaiy extract is admittedly small The effect 
on the obstructed gut is similar to that on the noimal gut, and any state- 
ment fuithei than this would seem to be unjustified m the light of the 
lelatively mconsideiable number of animals used and the considerable 
number of vaiiations noted 

Exceptionally, pituitary extiact seems to be capable of pioducing 
decided increases in tone in the intestinal musculature In paralytic 
ileus such increases m tone, so far as we have been able to observe, arc 
of much greatei value m exti tiding mateiial from the gut than increases 



Fig 7 — K 3 'mographic tracing, showing the effect of the intravenous injection of 
I'jO grain of phj^sostigmine into a normal animal In this tracing duodenal, deal 
and colonic tracings were recorded simultaneously The effect on the blood 
pressure is typical, showing a considerable, slow increase m blood pressure followed 
by a prolonged and progressive decrease The effect on the duodenum is a verj 
decided and prolonged increase in the amplitude of intestinal movement, acconi 
pained by a slight increase m tone The effect on the ileum is typical a slow 
progressive increase in tone with the ultimate production of a rather mar e 
increase m the amplitude of intestinal movement The effect on the colon is one 
of increased movement, but the tone itself remains relatively unchanged 

m intestinal motiht}" The reason for this is faiily obMous The con 
tents of the gut characteiistically consist of fluid mateiial and gas 
Intestinal mo\ements alone may merelj^ mix such contents 
piopelling them, peristaltic waves passing the length of the gut, but 
contained fluid and gas regurgitating through the advancing ring o 
peristaltic constriction as soon as any considerable increase m intra 
intestinal pressure is produced ahead of the peristaltic wave If P'tuit 
extract would alwais increase intestinal tone as it does in the 
tional case it avouIcI be of consideiable ^alue Apparently, those ^ 
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have reported favorably on the clinical use of pituitary extract ha\e 
been fortunate enough to encounter the exceptional action of the drug 
The Effect of Physostigninic — Pin sostigmine in the form of 
physostigmine sulphate was injected twent\-four times into tuent}-one 
dogs The dose of the drug was y-,o gram (0 0013 Gm ) injected 
mtravenousl}^ Ten of the ohser\ations w^ere on animals that had 
undergone experimental mechanical obstiuction fort\ -eight hours preM- 
ously The other fifteen obser\ations w^ere on noimal animals 
The effect of phj'sostigmine on normal animals was as follows 
(a) The Effect on Blood Pressure In e\er\ case except one the 
blood pressure increased, follownng the injection ot pin sostigmine The 
amount in every case w^as significant The single case m which no 
increase w^as noted show^ed a decrease of 20 mm of mercur\ Earlier 
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Fig- 8 — Ki inographic tracing showing the effect of the injection ol p.n gnin 
of pin sostigmine intra\enoush into a normal dog The effect on the blood pressure 
IS t-vpical and consists of an irregular, gradual increase m blood pres'-ure Tin 
effect on the ileum m this case is Mrtinlh ml Ho\\e\er on clo>c imptction, 
\ariations m tone can be appreciated 


in the afternoon in which the experiment was jicrlormcd this animal 
had receued a prior injection ot the same drug The average incrca-c 
in Idood pressure shown In the other animals was 17 2 mm Flic 
atcrage duration of the rise of blood pressure caused 1)\ the injeetinn 
was three and eight-tenths minutes In all case" the blood jirc'-'-iire 
leturned either to a normal or to a "ubnormal le\el and the a\er'iye 
dination of the decrease to a normal lex el was twehe and "cx cn-tenths 
minutes In txxo ot the sexenteen cuises the blood j)res«.iirc exeiituilh 
fell to a lex el of 20 mm beloxx that seen it the time ol inieetnm 
{h) Ellect on the Intestines With the excejnion ol one iiist mce 
the teine ot the intestine inxariablx rose as the result of the inieetion oi 
jxhx sostie^niuie In the atxjiical case there xx.'s a decre'‘se of 10 mm 
m tone xxhich lasted lor txxentx minutes The ‘xer'ije mere '-e in 
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tone in the fourteen cases in which this effect was seen was 26 mm, 
and the a\erage latent period between the time of injection and the 
beginning of the effect on tonus was four minutes The injection of 
ph} sostigmine characteristically produced augmentation of the intestinal 
movement The a\erage mciease m amplitude of these movements was 
3 9 mm , and “tonus waves” Avere appai entl) produced by the drug in 
tivo instances Atypical effects on intestinal movement were seen in 
two instances In these two cases theie was no increase in movement 
The drug simpl}' showed failure to produce a typical augmentation 
(c) Effect on Respiration The effect on respiration was inconstant 
The amplitude of respiration was apparentl) deci eased in four cases, 
inci eased m one case and showed no effect in the otheis 



Fig 9 — Kymographic tracing, showing the effect of the injection of IjO gfa”’ 
of physostigmine sulphate intravenously into a normal dog The initial effect on 
the blood pressure is typical, showing a moderate increase The progressne 
decrease, however, which characteristically follows, is exaggerated in this case^ 
and the blood pressure actually decreases to a new low level The effect on i^^ 
ileum is typical in that the tone shows a gradual increase, and definite, thou»i 
slight, intestinal movement is initiated 


The effect of physostigmine on animals with obstructed gufs 
as follows 

(fl') Effect on Blood Pressure In all but two cases the 
the injection of physostigmine w'^as to increase the blood pressure 
at erage increase m the thirteen cases showung this typical effect t 
32 mm of mercurj^ the average latent period between the injectio 
the drug and the beginning of effect on blood pressure was 
three-tenths minutes The other twm cases showed an insigni 
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decrease in blood pressure, the a\eiagc being 3 mm The avciage latent 
period of this reaction was six minutes 

(&) Effect on the Intestine The characteiistic cflect ot physostig- 
mine was to increase both the tone of the intestine and the amplitude ot 
its contractions 

(c) Effect on Tone In eight cases theie was an aveiage incieasc 
m tone of 10 7 mm, hut in one case the tone suhsequentl) fell to a 
subnormal level The average latent period between the injection of the 
drug and the beginning of the effect on tone was nine and two-tenths 
minutes In three cases the tone of the intestine was unaffected in 
foul cases the tone actuall) fell, but the average decrease in these foiii 
cases was only 4 mm , the deciease m tone m the lattei cases being 
only 1 datively slight and being gradual, could not be detei mined with 



Tip 10 — Kjniograpbic tracing, showing the effect of the injection of p.d grain 
of pin sostigminc sulphate intrncnoush into a dog with mechanical ileus 'I lie 
eflect on the blood pressure is characteristic \ gruUiil niiiiil me in lilood 
pressure was followed In a progressne decrease to a nornial or e\en i sulinormil 
le\cl The effect on the ileum is characterisiic, hut shows a ritlier exiggerited 
increase m tone and the ultimate de%clopment of tonus w i\es superimposed on 
winch IS e\idcnce of slight intestinal moeement 

aceur.ac} The effect ol pin sostigmme on intestinal motihtt was not 
constant but was decidedU in the direction of incre.ised inoeenient 
\ definite increase was noted m seeen c.ises the aaerage incre.ise in 
tiiujilitiide being 3 8 mm In six cases intestinal nioeement w.is 
tiniffeeted In two cases the mmement ol the intestine w.is decre ised 
the a\erage amount being 3 mm 

< (/ ) Eflect on Respir.ition The effeet ol pin sostignune on resjnr.i- 
tion w Is lound to be negligible 

(< ) Conijiarison <if the Effect f»l Pin 'ostignnne in \orm il \nini iK 
md in \nun ils with Obstnietion \ e<msider,‘tion ol the figure' lire- 
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sented ^^'OuId seem to indicate that the eftect of physostigmine on the 
animal ivith an obstructed gut is more consistent and profound than 
the eftect on nonnal animals Inci eases in intestinal tone weie noted 
m onl} slightly moie than one half of the nonnal animals, ^^hereas 
90 pel cent of those with obstiuction showed this eftect A similar 
eftect was noted on the amplitude of intestinal movement, vheieas the 
amplitude was inci eased m less than half the nonnal cases, 80 per cent 
of the cases that had undeigone pieiious intestinal obstruction showed 
definite augmentation The effect on blood piessure in the two series 
was re\eised in that injection of pin sostigmine pioduced an a^elage 
increase m blood pressure neaily twnce as gieat in normal animals as 
m those wnth obstiuction 



Fig 11 — Kjmographic tracing, showing the effect of the intravenous injection 
of V-,0 grain of phj'sostignnne sulphate into a dog in which artificial mechanical 
ileus had been produced forty-eight hours pre\ioush The eftect on tiie bloo 
pressure is somewhat atjpical in that no significant increase in blood pressure 
IS evident The interruption in the blood pressure tracing, which occurs about 
the middle of the graph is not significant, since a mechanical readjustment of ire 
wTiting point w'as made at this time The eftect on the ileum is tipical but greater 
than that ordinarily seen There is a rather sharp, progressne increase ui tone 
followed b}’’ a decided increase in the amplitude of intestinal movement 
the end of the tracing certain of the irregularities which can be seen pro a^^^^ 
represent respirator}^ components, pressure changes being transmitted from 
diaphragm to the intestine The w'nting point of the blood pressure appara 
was depressed in order to make this part of the tracing risible 


The Effect of Cholmc —Cholmt was administered four times to 
four normal animals A puie prepaiation of cholme hjdiochloride w-i- 
usea and this was dissohed in 100 cc of phjsiologic solution 
chloride The solution containing the diiig was injected into tie t 
of the animal b} grat itt and it w as allow ed to run onh t er\ s ow t 
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(fl) Eftect on Blood Piessuie In thiee of the four animals the 
injection of choline was followed by rathei rapid decreases in the blood 
pressure Since the deci eases in the blood pressure weie directly pro- 
poitionate to the lapidity with which the solution was intioduced, the 
amount of blood piessuie deciease is of little significance The average 
vas 13 3 mm In one animal the blood pressure showed an mciease of 
10 mm This increase m blood pressuie was attributed not to the drug 
itself, but rather to the effect of the sodium chloride solution which 



Fig 12 — Kymographic tracing showing the effect of the intramuscular injection 
of 0 1 Gm of acetyl choline into a normal dog The effect shown on the blood 
pressure is typical, manifesting a gradual decrease to a low level which is sub- 
sequently mamtamed Duodenal, ileal and colonic tracings are recorded Little 
or no effect is noted on the duodenum In the ileum, a slight increase in tone 
and a slight increase in amplitude of n ovement is recorded In the colon, no 
change of either tone or amplitude is seen 


temporanty increased the blood \ olume This t lew seems to be corrobo- 
rated by the fact that two of the three animals that showed initial 
depressions of the blood pressure showed subsequent increase one to a 
level of 30 mm and the other to a let el of 60 mm abote noimal 

{b) Effect on Intestinal Tone and tMotilitt The eftect of this drug 
on intestinal tone and motilitt t\as inconstant and insignificant In onh 
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one of the foui animals was an increase in the tone noted, and this 
was relative!}^ slight, 8 mm The efifect on the amplitude of intestinal 
movement was inconstant One animal showed no effect , another ani- 
mal showed an insignificant increase ( 1 mm ) , and the remaining two 
animals showed insignificant deci eases in the amplitude of movement 

Effect of Acetyl Choline — Acetyl choline was injected subcu- 
taneous!} ten times into as many normal animals 

(a) Effect on the Blood Pressure The invariable effect of acetyl 
choline on the blood pressure Avas a decrease which occurred either 
immediatel} oi within a period of five minutes The decrease averaged 
66 6 mm of mercuiy, which is a considerable depression In all but 



Fig 13 — Kymographic tracing, showing the effect of the intravenous injectimi 
of 1 cc of pitocin into a normal dog The blood pressure is relatively unaffeefe , 
but possibly slightly increased The effect on the duodenum in this particular case 
was a diminution in the amplitude of duodenal movements In the colon t ere 
was relatively little effect, except possibly a slight decrease in tone In the i eum 
there was possibly a slight increase in tone and possibly also some increase 
intestinal movement 


thiee of the cases the blood pressure remained subsequently at ^ 
tivel} constant low level In two of the remaining cases the 
pressure increased gradually, but never attained a normal lei el no 
one case did the blood pressure subsecjuently surpass the norma a a i 

(b) Effect on the Intestines The effect on the intestinal tone 

variable In four cases, 40 per cent there Avas an increase 
21 mm In fiiAe cases decreases Avere seen, aA'eraging 6 mm 


one case no change Avas noted 


The effect on the amplitude A\as 


aAcragm? 
and m 
aUo 
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vaiiable but was geneially in the diiection of inci eases In six cases 
the inciease of amplitvide averaged 4 3 mm Three cases showed 
decreases m amplitude averaging 2 mm , and m one case there u as no 
apparent effect on the animal 

The Effect of Pitocin — One cubic centimeter of pitocin was injected 
mtiavenously into each of five normal animals 



Fig 14 — Kjmographic tracing, showing the effect of the intra\enous injection 
of 1 cc of pitocin into a normal dog The only effect seen in this tracing is on 
the blood pressure, and in this case there was a progressne decrease No effect 
on either tone or amplitude of intestinal movement vas seen in the duodenum, 
ileum or colon 

(a) Effect on Blood Pressure No conclusions can be drawn as to 
the effect of pitocin on the blood pressure since m two cases no effect 
w^as recoided, m tw'o cases increases of 6 and 10 mm of mercur}. 
lespectivelv w^ere found, but one of these cases, the latter showed a 
subsequent decrease of blood pressure to 50 mm below normal the 
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lattei low level being sustained In the other animal there was a 
progressive, slow decrease in blood pressure of 30 mm 

(b) Effect on the Intestines No constant effect on the intestine 
was noted when pitocin was used In all cases in which this particular 
drug was administered simultaneous tracings of the ileum, duodenum 
and colon were recorded As to the effect on tone, in no case was an 
increase noted in the ileum In one instance the tone of the duodenum 
was increased, and m anothei it was decreased, whereas in two cases the 
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Fig 15 — Kymographic tracing, showing the effect of the intramuscular ”9^^^ 
tion of 8 grains of penstaltin into a normal dog The tracing is t 3 'pica! in tia 
no significant effect is noted in the blood pressure or m the tone or amp itu 
of intestinal movement in the duodenum, ileum or colon 

tone of the colon was definitely decreased The effect ot this 

the amplitude of intestinal movement was v ariable , sometimes s i^ t 

increases w^ere noted and at other times slight decreases 

(e) Effect on Respiration Pitocin showed no appreciable eff 
on the respiration 

Effect of Poisfaltw — ^The effect of penstaltin was recorded 
times m twelve animals It was employed m five instances on 
animals wnth obstruction and ten times in eight normal animals 



OCHSNER El AL— DRUGS IN RELIED OF ILEUS 


955 


The eftect of peiistaltin on normal animals was as follows 

(a) Effect on Blood Piessure Peiistaltin showed no constant 
leaction on the blood piessure of normal animals There was a decrease 
m blood pressure in five cases, averaging 12 mm In two cases there 
was an increase in blood pressure of 10 mm each In the remaining 
cases no change was evident 

(i>) Effect on Intestinal Movement The effect of peristaltin on 
intestinal movement was either nil (four cases) oi m the direction of 
decreases (six cases) with an aveiage of 8 3 mm The effect on the 
amplitude of intestinal movement was usuall}'^ negligible It was nil 
m four cases Decrease m amplitude occuired m five cases, the average 
being 1 1 mm , and theie was an insignificant increase of amplitude m 
one case (1 mm ) 
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Fig 16 — Kymographic tracing, showing the effect of the intravenous injection 
of 20 per cent sodium chloride solution No significant effect is noted on the 
blood pressure The ileum shows a slight increase in tone, lasting four minutes 
At the end of this period, intestinal movement is increased slightly The respira- 
tions show an increase in rate and amplitude 


(c) Effect on Respiration In thirteen of the eighteen cases no 
lespiratory changes were noted, and in the other two cases the effect 
was questionable 

The effect of peristaltin on animals with obstructed guts was as 
follows 

(fl) Effect on Blood Piessure In the fite cases in which peristaltin 
was used three of the animals showed decreases m blood pressure, 
ateraging 20 mm In two of the animals no change was noted In 
the two cases which shoved decreases m blood pressure the lov blood 
pressure level was maintained 

(&) Effect on Intestines The effect on the intestine was inconstant 
with lespect to both tone and amplitude of movement Three ca‘:c‘- 
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bho\\ed inci eases of tone, a\eraging 10 2 mm One case showed no 
eftect on tone, and the remaining animal sho\\ ed a x&ry distinct decrease 
to 65 mm below normal The efifect on the amplitude of intestinal 
movement was of no significance except in one case In this case, an 
increase of amplitude of 4 mm was demonstrated 

(c) Effect on Respiiation The effect of penstaltin on the respira- 
tion nas negligible 

The Effect of Sodium Chloude — Sodium chloiide in 20 per cent 
solution was injected intravenously into foui animals, two of these weie 
normal dogs and in two of them the gut had been obstructed for forti- 
eight hours 





Fig 17 — Kvmographic tracing, showing the effect of the intra\enous admin 
istration of 20 per cent sodium chloride solution The blood pressure is irregular 
and shows a slight tendency toivard progressive decrease After a later peno 
of about eight minutes, the ileum undergoes a rapid increase in tone, which is 
fairlj well sustained subsequently Very slight intestinal movement is initiate 
The effect on respiration is an increase in rate wnthout apparent increase 
amplitude 


The effect of sodium chloude on normal animals was as follows 
(a) Eftect on the Blood Pressure The effect on the blood pressiir^ 
was variable In one animal slight variations in blood pressure w 
noted but no significant increase or decrease eventuated In the 
animal the blood pressure decreased 20 mm wuthm a period o 
minutes This depression of blood pressure w^as sustained 

(Zi) Eftect on the Intestine In the first animal a progres^ 
increase in tone of 14 mm was noted, wdrich attained its maximui 
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the end of five minutes In the second animal no increase in tone was 
noted The effect on intestinal movement was slight, but both animals 
showed veiy feeble intestinal mo\ement at the end of a ten minute 
period 

The effect of sodium chloride on animals with obstruction was as 
follows 

(a) Effect on the Blood Pressuie The effect on the blood piessure 
was variable In one animal the blood pressure increased with vaiia- 
tions over a peiiod of eleven minutes and attained an elevation ot 
20 mm of mercury In the other animal a decrease m blood pressure 
of 40 mm occuired within one-half minute The blood piessure did 
not remain depressed to this low level, howe\er, but subsequent!} 
increased 20 mm during the course of the next three minutes 

{h) Effect on the Intestines In both animals a gradual, progiessne 
increase in tone was observed This amounted to 48 mm in the first 
animal, and reached a maximum within a period of thirteen minutes 
In the second animal the maximal increase was 6 mm , attained at the 
end of five minutes In both animals inci eases m motility were noted 
The increase in amplitude of intestinal movement of the fiist animal 
amounted to 5 mm and in the second animal to 2 mm 

COMMENT AND CONCLUSIONS 

In view of the relatively large number of clinical and experimental 
observations that have been made on the effect of drugs on intestinal 
motility, it would have seemed reasonable to suppose that much more 
significant changes could be achieved by drug therapy than ve haAe 
been able to observe Of more than passing significance would seem to 
be the inefficiency of pituitary extract as an intestinal stimulant 

Careful examination of the literature with respect to the action of 
pituitary extract discloses two interesting facts (1) Most of the 
favorable reports that have been made on this action of pituitary extract 
have had their basis in clinical obsecrations, and (2) such experimental 
investigations as have been made under carefully controlled conditions 
show a relatively equally divided difference of opinion , virtually as manr 
authorities expressed the conviction that pituitary extract depresses the 
tone and motility as expressed the opposite and more generally accepted 
view Clinicians labor under a severe handicap in the evaluation of 
the action of drugs, since the ps}chic leactions of the clinical obserrer 
are apt to rvarp his judgment There is a real tendency for clinical 
^^aggeration of the beneficient clinical effects and a tendenc} to under- 
estimate the number and degree of clinical failures 

Our results would appear to be in line v ith those obtained b\ the 
more careful and unprejudiced experimental in\estigators vho ha^e 
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pieviously published lepoits on the action of pituitaiy extiact Pituitary 
extract would not only seem to be an ineffective duig in the tieatment 
foi intestinal atony, but also would appear to be a dangerous diug in 
such a condition Although it sometimes seems to inci ease the tone and 
motility of the intestinal musculatme, the moie chaiacteristic effect is 
one of decrease m tone and motility The occasional beneficial effect 
that might lesult fiom injection of the drug m certain cases would 
seem to be tar outweighed by the depressant effect, which is appar- 
ently more fiequeiitly seen and is comparatively more piofound The 
\aiiable effect of pituitary extract on the blood pressure is probably not 
sufficiently appieciated , although in most cases dependence can be placed 
on pituitau extiact to raise the blood pressure, there are apparently 
cases in which actual depressions occui 

The effect of physostigmine on the intestinal tone and motiliti, 
accoidmg to oui investigations, is virtually that which might be expected 
from a consideiation of previous reports, both clinical and expei imental 
Although It is true that physostigmine seems never to produce significant 
deci eases m tone and motility and theiefoie could scarcely be considered 
a dangeious drug, the stimulating effect of physostigmine would not 
seem to be particularly significant The fact that this diug is peihaps 
the oldest substance that has been used for the purpose of stimulating 
intestinal motility suggests that physostigmine peihaps has some definite 
place in the theiapeusis of intestinal atony This is the only drug that 
we have found to be of consistent efficacy, and possibly the fact should 
be stressed that the action of this drug seems to be enhanced m intestinal 
obstiuction, at least in intestinal obstiuction no fuithei advanced than 
that used for the purposes of the present experimental investigation 
This presents rather interesting evidence that possibly the obstructed 
intestine, in the initial stages at least, is h) pei excitable , if this is correct, 
the value of the various other drugs used in this senes of experiments 
would seem to be proportionately minimized If these ditigs are o 
no \alue in the stimulation of intestinal movement m a h} per excitable 
intestine, they should certainly prove of no value in stimulation of the 
noimal intestine oi in an intestine m which foi one reason or another 
the excitability is decreased 

Choline, acetyl choline, pitocin and peiistaltm have proved dis 
appointing m the present series of investigations Apparently i 
dependence can be placed on these therapeutic agencies in the 
lation of either normal or hyperexcitable intestinal musculatme / 

111 all, it would seem that the drug therapy for intestinal atony 
a rather precarious foundation, and although the results of the 
experimental in\ estigations are b)'' no means conclusive, the) 
a well nigh complete revision of our evaluation of the efficacy o <■ 
therap) in the relief of conditions of intestinal quiescence 



COMPLETE OCCLUSION OF THE SUPERIOR 
VENA CAVA BY PRIMARY CARCINOMA 
OF THE LUNG =*- 

A LINCOLN BROWN, MD 

SAN FRANCISCO 

Partial obstiuction of the supeiioi vena ca\a is not uncommon On 
the othei hand, complete ohliteiation eithei hy compiession oi hy 
thiomhosis is unusual, and ohliteiation due to carcinoma is extremely 
raie’- I shall theiefore m this communication note the instances 
reported in the literature, desciihe this condition and add theieto a 
case observed m Mount Zion Hospital 

CASES RECORDED IN THE LITERATURE 

The first case of obstruction of the supeiior vena cava vi^as noted 
111 1806, by Corvisart At intervals since then cases have been lepoited 
and collected as follows Oulmont," 1856, Fischer® 1904, Rauth,‘ 
1911, and Dana,® 1922 Dana, aftei a ciitical review of all previously 
tabulated cases, accepted leports of interference with the ciiculation m 
the superior vena cava by “primaiy caicinoma” of the lung m twenty- 
thiee instances, only six of which were veiified as carcinoma, and by 
carcinoma piimaiy in the bronchi m fourteen observations To these 
must be added Dana’s own proved case, bringing the total to thiitv- 
eight My search of the literature fails to leveal any fuithei reported 
cases 

Approximate!} one half of the cases of complete obstiuction of the 
supeiior vena cava by piimary caicinoma of the lung or bionchus 
showed invasion of the walls of the cava In the lemammg half, the 
obstruction was due to compression by the tumor mass with or without 
thiombosis of the cava The case to be repoited m this paper is one of 
primary peribionchial carcinoma, with complete obstiuction of tbe 
supenoi vena cava by compression plus thrombosis 

* Submitted for publication, jMarch 25, 1930 

'■ From the Thoracic Surgery Clinics of INIount Zion Hospital and the 
Uni\ersity of California IMedical School 

1 Osier, William On Obliteration of the Superior Vena Ca\a, Bull Johns 
Hopkins Hosp 14 169 (Juh ) 1503 

2 Oulmont Soc med d’observation 3 463, 1856 

3 Fischer Inaug Diss , Halle, 1904 

4 Rauth Inaug Diss Unn zu Giessen Borna-Leipzig Robert Noske, 1911 

5 Dana H W and McIntosh R Obstruction of the Superior Vena Ca\a 
b\ Primar\ Carcinoma of the Lung Am I M Sc 163 411 f March) 1922 
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ETIOLOGY 

Occlusion of the superior vena cava by eithei coinpiession oi 
thiombosis may be bi ought about by any one of several factors 
Aneur\sm of the aorta and mediastinal tumors have been found to be 
lesponsible foi the condition in about 55 per cent of the 300 odd cases 
leported in the hteiature, each in approximately the same fiequency 
Caicmoma of the lung, bionchi and adjacent organs pioduced the 
obstruction m about 25 pei cent moie of the instances The remaining 
20 per cent aie asciibed to vaiious diverse factors i datively infrequently 
observed In this gioup have been noted such causes as mediastinitis, 
penaoititis, conti action of scar tissue, especially tuberculous or syphilitic, 
compiession by mediastinal tumors other than carcinoma, ecchinococcns 
cysts struma, tianspoitation of carcinomatous masses from distant 
oigans, sclerosis of the bionchial glands, phlebitis and tin ombophlebitis 

Wheieas aneuiysm is doubtless becoming more infrequent because 
of modem antisyphilitic therapy, caicmoma appears to be on the 
increase Likewise, inflammatoiy' lesions as a factor m producing the 
obstruction of the cava appear with gieatei legulanty m the more 
lecent reports Inflammatory lesions extending into the mediastinum 
cause tiaction and pressure on the adjacent organs (i e, vena cava 
superioi) thiough induration of the connective tissue This formation 
ot film, indurated new giowth of connective tissue m the mediastinum 
has been termed indurative (or adhesive) mediastmopeiicaiditis Clini- 
cally, this condition is chaiactenzed by pulsus paiadoxus and turgescence 
of the jugular veins The commonest cause is inflammation of the 
bronchial glands, which may be due to syphilis or tuberculosis Severe 
rheumatic pericarditis sometimes produces an inflammatory reaction 
that may extend to the suiiounding fibrous tissue, such as the pleiiia, 
and along the large vessels ® 

Thus, when one is confionted with a patient whose symptoms suggest 
compression or occlusion of the supeiior vena cava, intrathoracic cancer 
should fiist be considered, then “adhesive mediastinopericarditis and 
its causes and finally the other varied etiologic factois that have been 
enumeiated 

SIGNS, SYMPTOMS AND PROGNOSIS 

The physical signs and symptoms of occlusion of the superioi lena 
cava are variably striking, depending on the rapidity with which tie 
occlusion takes place and the degiee to which compensatory circulation 
has been established Obliteration thereof may' exist for many } 
with good health and a completely' effected collateral circulatio^^ 
Objectively, one may' note cy'anosis or lividity of the face suftusion 

6 Pawel, I Em Fall ion Verschluss cler Vena Ca%a Superior, 

Diss , Leipzig, 1910 
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the conjunctivae , prominence and staring of the eyes, edematous swell- 
ing of the neck, aims and thoiax, with more oi less maiked dilatation 
of the supeificial veins of the thorax and uppei pait of the abdomen, 
edema and cyanosis of the mucous membranes of the tongue, mouth, 
pharynx and laiynx" Subjectively, this venous engoigement may 
pioduce headache, A^ertigo, deafness, epistaxis, tinnitus, visual distuibance 
and somnolence or temporary loss of consciousness ® 

The piognosis depends piimaiily on two factois (1) the lapidity 
of development of the occlusion, or the time allowed foi the develop- 
ment of a compensatoiy circulation, and (2) the piognosis m the 
disease entity that is the pi unary cause of the obstruction oi thiombosis 
of the cava 

REPORT or A CASE 

Histoiv — I A, a man, aged 65, was referred b} Dr L I Grodsk\, on j\Iav 1, 
1929, with a chief complaint of swelling of the face and neck Until one month 
before admission, the patient had considered himself to be in good health 
Since then he had noted a fluctuating swelling of the face and neck, vorse on 
getting up in the morning, somewhat decreased b}" night, but on the whole gradu- 
ally increasing m severit}' There was no difficulty in respiration or deglutition 
There was no cough or sputum or history of recent infection of the mouth or 
respiratory system There had not been noted anv loss either of weight or 
strength His occupation was carpet laving, but he had been unable to secure 
work for the past two months 

The patient w'as born in San Francisco and had lived there his entire life His 
general health had alwa 3 's been good He said that he had rarelj had anj' illnesses, 
except a mild cold, one per year He had not had diphtheria, influenza, whoopmg 
cough, asthma, bronchitis, pneumonia or tonsillitis 

About two 3 'ears before, he had had an appendectomj for acute appendicitis 
and a hemorrhoidectomv He had had no headaches and no trauma His MSion 
had been good, and the eves were free from inflammation and pain He had had 
no loss of hearing, and no pain m the ears or discharge He had had no colds 
111 the head, discharge, epistaxis or sj'mptoms of obstruction He had not con- 
sulted a dentist for ten years He said that he had not had tonsillitis, sore throat, 
sore mouth or hoarseness, and no pain in the chest, cough, sputum, dispnea, 
orthopnea, palpitation, night sw'eats or hemoptisis His appetite had been good 
The bow'els had been regulated with an occasional cathartic, but there had been 
no gastric distress, nausea or lomitmg He had never been jaundiced He had 
neier had bloody, tarrj^ or clav-colored stools His hemorrhoids, external, had 
been relie\ed bj operation tw'o vears before There had been no d^suria, hema- 
turia, frequencj or incontinence There had been nocturia from one to two tunes 
a night for the past six jears He said that he had not had lenereal disease or 
am SMuptoms of it He had not experienced ^ertlgo fainting, parahsis or muscle 
pains His weight had been constant at about 165 pounds f/dS Kg ) for the past 
ten ^ears 


7 Lamb, -k R Nelsons Loose-leaf Luing Medicine, New York Thomas 
Nelson ^ Sons, 1927, aol 4, p 585 

S Lihenthal Thoracic Surger\, Philadelphia M B Saunders Compam, 
1925, \ol 1 p 260, footnote 6 
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With the exception that one sister had died of cancer of the breast, the famih 
history was essentially negative 

Physical Exammatwn — The patient was well developed, well nourished and 
slightly obese about 65 years of age, sat up in bed, was not in acute distress, 
cooperated fairlv veil, was mentallv clear and moved about with no apparent 
difficultv The voice was lather hoarse, but was said not to have changed for 
seieral years 

The skull was symmetrical, wnth no exostosis, irregularities or tenderness The 
scalp was clean, with no scars The hair svas normal in texture and distribution 
Ihere was generali7ed alopecia of the scalp The face was round, flushed and 
edematous especially at the angles of the jaw and in both parotid regions The 
skin of the face and tissues above the clavicles and the sternum show’ed flushing, 
gradually fading over the shoulders It was normal in texture, moisture and 



Fig 1 — Discoloration of the face and neck due 
mence of the external jugular veins especially on 
face and neck 


to venous congestion, prom- 
the left and sw'cll’iig of the 


pigmentation The eves revealed beginning arcus senilis They reacted to ig' 
and distance The vision w'as good The fundi showed moderate bilateral cho e 
disks and marked distention of the retinal veins There was right internal stra 
bismus The hearing was good There was no discharge or tophi The no 
show^ed no deformitv, obstruction or discharge The lips revealed mo 
cyanosis, and no ulcerations or fissures The gums showed slight pyorriea a^^^ 
no lead line The tongue protruded in the midline, without tremor T le toi 
W'ere small, w'lthout exudate or inflammation The floor of the mout an 
upper part of the pharynx appeared edematous, but not inflamed The resu 
iar^ ngoscopic examination were negative 

The entire neck was enlarged, apparently by an edematous inhltratmn, 
least twice its normal size The tlwroid gland was not palpably enlaroC 
reins of the neck were markedly distended on both sides There was 
stiffness, thrill or abnormal pulsations and no tracheal tug The imp 
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were not enlarged Over the left clavicle was a small wound where tuo da\s 
before an unsuccessful attempt had been made to remove a node for microscopic 
examination 

The thorax was symmetrical and moderatelj barrel-shaped, the expansion nas 
fair and equal on both sides The respirations were 24 and regular There vas 
no abnormal pulsation The venules of the lower half of the anterior wall of the 
chest were markedly prominent The breasts were normal 

The action of the heart was regular, the sounds clear, with no murmurs The 
right border was 2 cm from the sternum, the left, 9 cm , the apical impulse was 
seen and felt in the nipple line, fifth space, 8 cm to the left of the midsternal line 
The rate was 90 per minute 

The aorta revealed no palpable or audible abnormalitv Extending downward 
7 cm from the clavicle on the right and 3 cm to the right of the sternum w'as 
an area of increased dulness A corresponding area of dulness, most marked on 
the right, w'as made out posteriorly between the scapulae The arteries showed 
radial pulses equal and synchronous, 90 per minute and of good qualitv The 
radial and brachial arteries were moderatelj^ sclerosed The jugular, axillarj and 
brachial veins w'eie markedlv enlarged, tortuous and engorged The blood pressure 
in the right arm was 115 sjstolic and 70 diastolic, that in the left arm w'as 120 
systolic and 75 diastolic 

The lungs showed paravertebral and parasternal dulness, as noted A few' 
scattered moist rales were heard throughout the chest Tactile fremitus was 
normal 

The abdomen was soft, lax and tjmpanitic throughout No spasm, mass or 
tenderness w'as present There was no free fluid An egg-sired indirect inguinal 
hernia on the left was readily reducible The gallbladder, spleen and kidnejs were 
not felt The liver showed percussion dulness from the fourth rib The edge 
was smooth, and on deep inspiration w'as felt 1 cm below' the costal margin 

Several pea-sized to w'alnut-sized masses w'ere felt m both axillae, the largest 
on the left , apparentl}' these w'ere enlarged lympli nodes Other h mph nodes w ere 
not remarkable 

There was moderate fixation of the dorsolumbar spine 

The extremities show'ed no involuntarj' movements, tremor or wasting There 
W'as marked clubbing of all the fingers No changes m tlie joints were made out 
No varicosities, scars or ulcers w'ere present on the legs There was no edema 
of the ankles The knee jerks were active and equal 

Laboi afoi y Exavunation — The urine, on April 16, 1929, was amber, clear, with 
a specific gravity of 1022, and alkaline It showed no albumin and no sugar or 
diacetic acid A sediment contained amorphous phosphates The assernnnii 
reaction of the blood w'as negative on March 17, 1929 Red blood cells numbered 
4,470,000, the hemoglobin content was 60 per cent The white blood cells num- 
bered 5,250, of w'hich 72 per cent were pohmorphonuclears 24 per cent Kmpho- 
cites and 4 per cent transitionals On April 4 1929 roentgenologic examimtioii 
of the chest rei ealed enlarged hilar glands, particularK at the right hilus and 
infiltration of the right upper lobe (Dr L BnanJ 

The working diagnosis at this time was that there existed a tumor of the chc-t 
w ith axillarj metastases 

Patholoqic Examaiatwn — On AIa\ 2, the left ixilla was opened m the hope 
of rcmoMiig a large hmph node for pathologic examination M\ associates and I 
were surprised to find, on dissection that the numerous masses m the axilla were 
not nodes but \arices of the axillar\ cem Howeitr a small node was rcmoecel 
and the following pathologic report was obtained 
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Examination of the lymph node showed only chronic lymphadenitis The 
germinal areas were normal The sinuses were dilated , the blood channels were 
engorged , the reticular tissue was thickened, and there was some transudation of 
blood into the pulp There was no evidence of malignant growth, Hodgkins’ dis- 
ease or lymphosarcoma or tuberculosis 

Diagnosis — The diagnosis was chronic lymphadenitis 

Thciapy — Bronchoscopic examination was considered at this time, but deemed 
inadvisable because of the marked edematous infiltration of all the structures of 
the neck So it was decided to subject the patient to deep roentgen therapy in 
the hope that m spite of the observations to the contrary, the new growUh might 
be of lymphatic origin and therefore respond to such therapy Hence the patient 
left the hospital and reported back at intervals for therapy 

Second Admission — On April 15, 1929, the patient returned to the hospital for 
further study There had been no change symptomatically or objectivelj The 
results of physical examination rvere as before, and the roentgen therapy had 
produced no noteworthy alteration m the suspected new growth Obstruction to 
the superior vena cava was now suspected 

Roentgen examination of the chest was repeated, bronchography with iodized 
poppy seed oil 40 per cent was done, studies of the esophagus wnth a thick barium 
sulphate meal were undertaken and an electrocardiographic examination was 
made The results of these examinations were reported as follows 

Roentgen Examination — On April 22, roentgenograms of the chest, antero- 
posterior and lateral views, with iodized oil demonstrated normal bronchi at the 
right base There was an infiltrating lesion extending out from the right hilus 
Probable malignant growth was shown (Dr L Bryan) On April 27, a roent- 
genogram of the chest after a thick barium sulphate meal showed no abnormality 
of the esophagus and no evidence of aneurysm (Dr Levitin ) On April 29, 
roentgenograms of the dorsal spine, anteroposterior and lateral views, showed 
marked hypertrophic changes about the middle and low'er thoracic vertebrae due 
to hypertrophic arthritis (Dr L Bryan ) On May 2, roentgenograms of the 
skull, lateral, anteroposterior and postero-anterior views, were negative (Dr L 
Bryan ) 

EJecti ocai diogi aphic Examination — On May 3, electrocardiographic examina 
tion by Dr J J Sampson showed that there was little shift of the electrica 
axis, suggesting that there might be adhesive pericarditis 

Thud Admission — Again, on May 24, the patient was readmitted, complaininD 
of severe attacks of dyspnea and an increasing nonproductive cough He a 
fainted twice while out of the hospital 

Physical Examination — The essential physical observations at this time vere 
as follows The pupils ivere equal and regular and reacted normally to lo ’ 
and in accommodation The fundi showed marked distention, the nerve lea 
was edematous The trachea was in the midline There were no palpable g an 
The neck was markedlj swollen, and the jugular veins were distended 
were numerous distended veins and venules over the anterior surface of the 
Expansion was limited at the right apex There was slightly increase 
fremitus at the apex of the right lung anteriorly Percussion showed 
resonance over the vv'hole chest, but was from dull to flat at the right apex an 
orlj and at both posterior bases There was distant bronchial breathing 
right apex Breath sounds were diminished at both bases posterior j 
were no rales Ten davs later there were signs of fluid at the left base 
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Roentgen Examination — On j\Ia\ 24 roentgenograms of the chest antero- 
posterior and lateral views, showed no change since the proMous examination 
(Dr Levitin ) On June 4, a roentgenogram of the chest showed gracness at the 
left base due to a small plemal effusion The infiltration of the right upper lobe 
showed no change (Dr Levitin ) 

On June 13, the patient w'as allow'ed to go home at his own request Fourth 
Admission Twm dais later, he w'as admitted per ambulance in a semicomatose 
condition, it being said that he suddenh collapsed on the street 



Fig 2 — Diagiainniatic representation showing rclatne location of the tumor 
constriction and obstruction of the siipciior \cna ca\a and position oi the 
thrombus 


Phvncal Examination — The patient was eianotic di^piieic irritional and 
icstless and showed marked swelling of the neck witli enlargement of the leins 
of the neck and arms 1 he skull and scalp were normal 1 he sclerac were icteric 
The retinal eciiis were engorged The nose was normal The lips were dr\, and 
there was a deep furrow in the lower hp The breath was foul 

The respirations were increased to 30 per minute and were shallow with a 
rattling noise in the lar\n\ 1 he wall of the chest was coecred with distended 
and dilated tcssels The anterior surface of the leit side oi the chest wa« dtxjih 
eolored with a brown pigmentation The right side oi the chest wa« dull through- 
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out anteriorly and posteriorly The left side of the chest was dull anteriorly and 
resonant posteriorly The breath sounds were vesicular, but on the right side 
they were markedly diminished m both the front and the back The heart sounds 
could not be heard because of the noisy respiration due to laryngeal noise 
The abdomen was normal The liver and the spleen were not felt There was 
an indirect incomplete inguinal hernia on the left side 



Fig 3 — Cross-section of the right upper lobe at the le\ el shown in figure -i 
showing peribronchial involvement and thrombus m the superior vena cava 

The extremities were wasted There was an ecchymotic swelling on the dor 
sum of the right hand and on the right elbow The reflexes were normal ^ 
The pulse rate was 92, the respirations were 26 and the temperature ■" 

368 C (98 2 F) 

The patient was given one-sixth gram of morphine and one-one hundre a 
fiftieth gram of atropine, and shortly thereafter he went to sleep One hour aj 
the pulse rate was 116 and the respirations 32 Fifteen minutes later, the pa 
had quietly expired 
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Anatomic Diagnosis — The anatomic diagnosis was as follows carcinoma \vith 
peribronchial distribution at the root of the right upper lobe, extension into the 
adjacent mediastinal tissues, with marked stenosis of the descending vena cava 
and metastasis to the right suprarenal gland, purulent bronchitis of the right 
lung, slight pleural transudate in both cavities of the chest, acute splenic tumor, 
parenchymatous degeneration of the viscera, and thrombosis of the superior \ena 
ca-va 



Fig 4 — Cross-section of the right upper lobe at the lc\tl shown in figure 2 
showing the constriction of the superior \ena ca\a md malignant inliltration 

!ufot's\ — The postmortem obserrations as reported b^ Dr G \ Ruek, were 
as tollows 

The remains were those ol a moderateh undernourished man appearing to 
be about CO \ears of age Rigor mortis was passing off There was moderate 
postmortem h\idit% The pupils were circular equil and midwidc The e\e' 
showed internal strabismus The neck was thick with dceji-seated induritioii 
but without am palpiblc nodules The axill ir\ nodes were inoderitelv enlireed 
shghth more so on the lelt The ingunul nodes were nodular md somee h it 
increased m si7c, more so on the right The abdomen showed an old, veil he ded 
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site of incision for appendectom-v There was no edema of the extremities The 
left side of the chest showed an extensive mottled hj'peremia 

When the usual median incision was made, the subcutaneous tissues over the 
sternum were edematous, those of the abdominal vail were normal The right 
side of the chest contained about 300 cc of transudate The left lung sho^\ed 
scattered chronic adhesions over the apex and on the posterior and mesial surfaces 
of the upper lobe There was about 200 cc of transudate in the left side of the 
chest The pericardial caMtv was normal The peritoneal cavity showed chronic 
perisplenic adhesions and chronic villose adhesions about the region of the 
appendectomy 



Fig 5 — Photomicrograph of the lung and bronchus, shov mg the tumor Iiftu's 
up and penetrating the bronchial mucosa (from the left) 


The heart vas of normal size The tissues were moderatel}" softened, 
entb' from postmortem alteration The endothelium of all the chambers, me u ii = 
the valves, was normal The first portion of the aorta was normal The 
cardium was somewhat pale, cloudy and softened, no areas of fibrosis vere s 
The coronary vessels were essentially without changes 

The left lung showed the usual pigmentation to a moderate degree 
lung was removed, with the pericardium and the mediastinal contents u 
duction into the superior vena cava, a probe about 2 mm in diameter me^^ 
distinct resistance about 1 cm above the pericardial opening The rig it u”o 
of normal size At the inner aspect of the upper lobe near the hilus, 
an ill defined palpable mass that felt denser in the adjacent mediastma 
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The gastro-intestinal tract was normal, the urinary bladder and prostate \\erc 
normal, and the pancreas appeared to be normal The retroperitoneal lymph nodes 
were soft and hyperemic The abdominal aorta show'ed a moderate amount of 
atheroma without ulceration or calcification 

The central nervous system w'as not examined 

Sections of the superior lena cava showed a definite thrombosis with consid- 
erable organiration The process must have been of at least several weeks 
duration 

Histologic E\amination of the Tuiiioi — Histologic examination of the tumor 
by Dr Zera E Bohn showed that it w'as composed of large and small cells usually 
grow'ing in columns in a stroma of dense fibrous tissue The cells varied from 
round to oval, unless compressed , m this case they w^ere spindle-shaped The 
nucleus w'as o\al and stained deeply Many' mitoses were seen and a moderate 
number of atvpical mitoses The protoplasm w'as eosinophilic In lymph nodes 
and other places where there was but little pressure, the cells tended to arrange 
themsehes in small alveoli There w'ere, as a rule, from four to eight cells in a 
group No cilia could be found m these ah'eoh, nor could any evidence of secre- 
tion be found The fibrous stroma was dense and made up about two thirds of 
the tumor A moderate number of mononuclear cells were found in the stroma 
Histologic Diagnosis — The histologic diagnosis w'as scirrhous adenocarcinoma 
of the lung 



DISRUPTION OF PELVIS WITH LUXATION OF THE 

INNOMINATE BONE * 

C W PEABODY, MD 

DETROIT 

Eight patients have been leceived in the Henry Ford Hospital with 
unusually severe injuries to the pelvis, all sustaining a complete disrup- 
tion of the pelvic bone with separation and displacement of one side 
from the othei In five instances there was separation and displacement 
anterioily at the pubic symph3'sis, with accompanying separation and 
displacement of one or both sacro-iliac synchondrosis, constituting a 
true dislocation or luxation of the innominate bone In the others, 
instead of separation at the pubic symphysis, there were vertical frac- 
tures close to It, with accompanying rupture of the sacro-ihac joint and 
upward displacement of what was practicall} the whole innominate 
bone, making the mjur}^ a comparable one Seveial patients had 
accompanying fractures at other points m the pelvic ring but with little 
01 no displacement at these points, so that the most striking lesion 
seemed to be the displacement of the innominate bone as a whole One 
of these patients died, one w^as not traced, and the rest made a complete 
recovery 

As seven of these patients came under my care m the space of six 
years in an institution which has comparatively few'^ cases of major 
accidents (on the average not more than a dozen beds being occupied 
in this period by patients with fractures), I gamed the impression that 
this must be a not uncommon type of pelvic injurj^ Reference to the 
literature to determine the usual outcome and prognosis, on the con- 
trary, seemed to warrant a conclusion that this w'as an infrequent lesion, 
and that the outlook was usually serious 

In using the title ‘ Luxation of the Innominate Bone” to designate 
this type of injury, I have taken what seemed the most suggestive 
anatomic expression In the literature, however, this term has been 
used but few’’ times, the mam terms employed being pelvic luxation, 
separation or displacement Some of these cases have been recorded as 
sacro-ihac separation and a few as separation of symphysis pubis, and 
this confusion m indexing with simple luxations of the front or back 
alone added much to my labor The German terminology is fairl) uni- 
form (incidentally German references comprise a total m excess of all 
others combined), the term “Luxationen Beckenhafte” usuall) obtaining 

'■ Submitted for publication, March 17, 1930 
From the Orthopedic Dnision, Department of Surgerj, The Henr^ Ford 
Hospital, Detroit 

* Presented onginalh at Detroit meeting of Central States Orthopedic SocieU , 
Xo^ ember, 1927 
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Only a few instances of triple separations have been reported, that is, 
separation of both sacro-ihac bones as well as an anterior rupture 

Refeiences in the literatuie go back over one hundred yeais Dur- 
ing this period probably no more than sixty-five cases have been 
reported, usually as single instances, a few writers reporting two, one 
four and one six, but this has been the highest personal observation, 
with the exception of obseivations on eighteen summarized by one 
author, six of these being fiesh injuries and nine old injuries with per- 
sisting displacement The rapidly increasing observations of the last 
two decades ha^e certainly established this injury as fairly frequent and 
as healing a favoiable piognosis This is m contrast to the attitude of 
earliei times, when most of the reports were of fatal cases 

In the diagnosis of this lesion it has not been necessary to use 
roentgenograms, except foi confiimation Serious injuri to the pelvis 
IS almost immediately suggested b} the complete helplessness, severe 
shock, the gieat pain ref ei red to pelvis on any movement, the tenderness 
on palpation of the s}nchondroses, and the gross hypermobility of the 
pehis to manipulation, if examination is carried this far In the cases 
m this report the diagnosis of severe pelvic injury was alwais made by 
a senior intern on first examination, and immobilization of the pelvis by 
a binder and Bradford frame was secured before anything else was 
done The degree of hjpermobilit} ivas appreciated only at the time of 
reduction iindei an anesthetic 

The injuiy seems uniformly to be accompanied by severe initial 
shock, but rarel} by visceial complications In few of the cases were 
the latter impoitant, but m most the symptoms of shock weie rather 
prolonged, dela}ing any vigoious measures of reduction Fracture, 
usuall) without displacement, at some point m the pelvic ring frequently 
accompanies the innominate luxation, but has seemed to be a less 
important factor and of little importance as a complication, displacement 
at the fracture line being slight Fracture of the lateral process of the 
fifth lumbar A^ertebra is also seen m combination This last accom- 
panying pelvic injur} has been illustrated b} me in the past ^ In all the 
cases m the present series, accompanying fractures of one or another 
of these tj'pes was present 

Although the mechanism of innominate dislocation has genera } 
been considered to be a crushing injur}, the lactim being squeezed or 
rolled, with probably a large majority of reported cases liaMug been 
caused b} an accident of this nature, a considerable number have been 
produced b} a straight fall The series reported here is dnnded between 
these t} pes of a lolence Nor does either type seem to have a consisten^ 
influence on the character of the luxation, i e , Aidiether it is a simp e 
proximal or posterior displacement of one half of the pehns or luxation 
accompanied by excessiA’-e rotation 

1 PeabodA, C W Unusual Fractures, J Bone & Joint Surg 4 
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01 ^Mthout complete reduction, ank3losis of the iiivohed 
s3’’iichondi OSes seems mvanabl3’^ to occui The union at the sacro-ihac 
joint is usuall3^ bon3^ This seems to confirm observations of man3 that 
an3'^ extensive traumatic displacement of a sacro-ihac joint mil be 
followed b3r ankj losis Although recoverj has been found to follow fre- 
quentlj^ ivithout reduction, the latter seems necessaij for complete free- 
dom from disabiht3" Either a scoliosis or a raised shoe are inevitable 
without more or less complete reduction of anj considerable displace- 
ment In most reported cases reduction has been gradual, being obtained 
b3'^ w^eight extension of the shortened limb, countertraction and bj'^ 

ciicular compression of the pelvis In others, particularlj’’ in German 
cases, reduction has been obtained 1^3'^ manipulation under an anesthetic, 
follow^ed b3’^ retention ivith a plaster of pans cast , this has sometimes 
been resected a little m midline and further reduction secured b3 turn- 
buckles placed in either a transverse oi an oblique position as indicated 
Severe discomfort has usuall3 been reported during gradual reduction 
A method of treatment was successfull3f used in most of the nonfatal 
cases in this senes ivhich is a little different fiom the methods reported 
As soon as the general condition \varranted the use of an anesthetic 
(fiom a few da3's to several weeks), the patient was moved on his 
frame to the x-ia3' department and placed on the tilting fluoroscopic 
table used for gastro-entenc observations, the patient s feet being placed 
at the head end of the table The foot on the displaced side was made 
fast to the head of the table, and with anesthesia induced, the mobiht3' 
of the pelvic girdle w^as \erified 133 palpation A ith the bod3 steadied 
by the operator and assistant, the table was then tilted nearl3’’ to the 
vertical position, the w^eight of the bod3^ coming finall3' entirel3' on the 
fastened leg Under fluoroscopic control, the pehis was ver3 gently 
manipulated between the hands until replacement could be seen as w'ell 
as felt, a previousl3'^ prepared w'^ebbing belt w^as at once placed around 
the pelvis and buckled tight , the table w^as returned to the horizontal 
position, the traction released and the position again checked by the 
fluoroscope Where rotar3f displacement w'as present, the limb on the 
anterior side w'as held down, wdiile the opposite limb, extended at the 
knee, w^as strongl3^ flexed at the hip, leA'^ering this side of the pelvis 
forw^ard When the patient w^as returned to his room, the Bradford 
frame, to the end of wdiich the patient’s foot w'as reattached, was left 
inclined head dowm Plaster of pans w'as not used To guard against 
reluxation in bed, 20 pounds of traction was maintained on the leg of the 
affected side The binder was replaced for greater comfort bA the 
OAerhead pehnc sling after return to the fracture bed In two cases a 
recurience of some of the rotation displacement at the S3mph3sis 
occurred in the second month In both instances the patient had to be 
tiansfened to another wnng, being removed from bed for this purpose 
and although a tight binder is said to haAe been applied, no control 
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roentgenograms nere obtained for some time afternard On account 
of probable infiltration of the soft tissue at the pubis, operation with 
^Mnng was then done, little mobiht} at the back of the pehis could be 
obtained at that time 

In case 1 taken from the earlier hospital files, opeiation performed 
early by Dr R D McClure ith manipulation of the peh is w iriiig ot 
the s}mph}sis and fixation in plastei gave a highl} satisfactor} result 
In this case theie vas no fiacture on the displaced side , direct manipula- 
tion of the anteiioi end of innominate bone would probabl} be eftectne 
in reducing displacement m this t}pe of case when earl} operation is 
possible In anothei case m this senes the patient suftered relatneh 
slight displacement posteriori} although there was complete rupture ot 
the sacro-ihac and marked displacement at the s}mph}sis There was 
an accompanying ruptured bladder, for which earh operation was done 
No definite manipulative measures were earned out }et subsequent 
roentgenograms showed that both luxations had been spontaneoush 
reduced This w^as maintained b} treatment on a fracture bed until 
consolidation w^as complete 

Of the eight patients seen, six weie treated to a conclusion One 
case was fatal befoie an} definite treatment for skeletal injui} could be 
earned out, and one patient was removed from the institution shorth 
after admission In the six concluded cases all the patients recovered 
without ail} residual disability refeiable to the pehic injury In all the 
upw'ard displacement of one side of the pelvis was collected and con- 
solidation of the pelvic ring was obtained In tw^o the relations at the 
symph} SIS were not entire!} normal, and anatomic reposition at the 
points of fracture was not obtained 

It may be of interest to note that sciatic pain was not a marked 
s}mptom, save m the cases showing an accompan}mg fracture of the 
lateral process of the fifth lumbar %eitebia 

The roentgenograms here showm do not include the first case m 
wdiich examination w^as made on glass plates that are no longer pre 
served The same is true for case 2, except that on a recent return o 
this patient for another condition a roentgen examination was obtaine 
and is here showm The lemaining six cases are illustrated b} roentgeno 
grams taken before and after treatment 

REVIEW’^ OF THE LITERATURE 

The well known textbooks m this country dealing with fractur^^ 
such as those of Wilson, Cotton Scudder and Stimson gne 
attention to the injur} under discussion Wilson under the title 
tions of the S}mph}sis ” emphasized that this condition must be acc^^^^ 
pained by some degree of sacro-iliac luxation if fracture la 
occurred, and m discussing sacro-ihac dislocation stated that in con 
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dislocation symph} seal sepai ation must ha^ e occurred though not show- 
ing The entity of a complete innominate dislocation is not mentioned 

Cotton dealt with this subject undei the title “Fractures” rather than 
“Dislocations.” and following a paiagiaph on “Separation of Sjinphjsis” 
there is a diagiam illustrating a coincident sacro-ihac luxation The 
authoi stated that this double, oi CA^en triple, dislocation ina}^ occur 
but must be rare He stated that there are cases on recoid, and that 
the lesion is not as serious as one AA'ould expect One roentgenogiam 
IS leproduced shoAAong a complete upAvard dislocation of one innominate 
bone accompanied by fiacture of the acetabulum, a note reports com- 
plete recoA^ery AAuthout disabiht) at the end of one j'^ear 

Stiinson recognized the occurrence of complete luxation and men- 
tioned in addition the unn^eisall}" quoted cases of Malgaigne, Salleion 
and Creite, also one bj^ Eaile in 1835, not elseAA'here refen ed to He 
seems to implj^ that the condition is rate and sa 3 's “As a rule piognosis 
IS extremelj'^ graA'^e ” 

Scudder, m a lecent edition (1928), failed to mention this injury, 
eithei in the extensiA'^e chapter on fractuies of the pehns, or in the 
supplement on dislocations 

Case reports of this injurA go back to 1820 Avith a lepoit by a 
Belgian surgeon, Cloquet Malgaigne, in 1855, reported six cases A\ath 
foui deaths Salleron, m 1871, reported four cases, all fatal Other 
case leports up to 1900 AA'-eie single ones totaling tAA’^entA -tAA-^o Since 
the beginning of the tAA'^entieth centuiy, the cited cases haA^e been moie 
numerous, but still consist of onlj'’ single instances or of tAvo cases AAUth 
the exception of s contiibution by Haumann, who lepoited six neA\ 
cases not noted preAuously and mentioned also a personal obserA^ation of 
nine additional patients that he had seen some time after injur} but A\dio 
shoAA^ed persisting displacements The total since 1900 is fortA-one, 
making m all sixty-three The accompanying table illustrates the 
chronological incidence 

Special additional mention should be made concerning some of the 
conti ibutions In 1925, Maisonnet had a detailed and interesting paper 
in the Pans medical in AAdnch pehuc injuries suftered bA horsemen 
either from shock in the saddle or b} fall to the ground are discussed as 
to the result to be expected from either, and particularly the urinar} 
complications of pehuc injuries This AA'as apiopos of his oaa'ii cases of 
innominate luxation in Avhich there AA^as serious urethral and bladder 
injury but ultimate recorder} AA'ith moderate disabiht} despite persisting 
displacement aa'IiicIi he considered rather common There is an extensne 
bibliograjDhy In the repoit of Haumann, it is noted that in nine of his 
AAhole senes there AAas some type of fiacture in addition to the disloca- 
tions SIX patients haAing this m the same half of the pehis and three 
in the opposite half This did not appear to liaAe complicated the 
original or final state All shoAAed a faAorable outcome AAith recoAcr} 
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the shortest duiation being one month and the longest seven months 
In some of the ancient cases obseived by him the luxation had been 
neithei lecognized noi coriected, but invariably had consolidated 
Scoliosis was usually present m these, but to a marked degree in only 
thiee One of the patients in the new senes died on the ninth day 
and anothei in the eighth month fiom urinaiy complications Of the 
total numbei, eight letuined to full earning capacity, three others had 
10 per cent disability and the lemamder 25 per cent, which was the 

Ch) onological Table 


Date 


Isainc 


No of Cases 


1S20 Cloquet Nou\ T de mtcl , lol 7, p 201 

1SS5 Earle Med Chir Tr , vol lO, p 2'>7 

1840 Thou\enet Bull Soc annt de Pans, aoI 24, p 29 

1850 Parmenticr Bull Soc anat dc Pans, lol 23, p 35 

1855 Malgaignc Traite des Luxations, Pans 

1803 Larry G iz d hop , p 133 

1808 Dolbraux Gnz d hop, \ol 41, p 133 

1871 Salleron A.rch gen de med Pans, lol 3, p 34 
Dubreuil Gaz d hop , i ol 44, p 413 

1875 Dupont Arch ined beiges 

1872 Pollock Lancet, vol 2, p 409 

1888 Niehaus DeiPsch Ztschr f Chir,\al 27, p 407 

1890 Hallowell Northwest Lancet, lol 10, p 135 

1899 Hopkins 4.nn Surg , \ ol 29, p 001 

Total prior to 1900 


1 

1 

1 

1 

0 

1 

1 

4 

1 

1 

1 

1 

1 

1 


22 


1902 
1904 

1903 
1900 

1908 


1909 

1911 

1914 

1917 

1918 

1919 

1920 

1921 


1923 

1923 

1925 


Linscr Boitr z khn chtr,\ol 33, p 94 

Eiedinger Arch f Ortliop , \ ol 1, p 414 

Tillmanns Ber d dcutseh chir G( scllsch , Stuttgart 

Oreite Deutsche Ztschr f chir , vol 83, p 391 

Stinelh Cong d soc ltd d chir, Milan, -vol 19 

Gninbach Deutsche Ztschr f chir , i ol 94, p 009 

Lmdenstcin Beitr ? khn Chir,iol 58, p 709 

Wnrraek Bnt M J, col 1, p 203 

Pelten Hildebrands Jahrb dcr chir , p 1150 

Pisehor Zcntralbl f chir , 1909, i ol 38 

Finsterer Deutsche Ztschr f chir , i ol 110, p 101 

Guibc Bull et mem Soe Anal do Pans, lol 80 p 30 

Hememann and biod nngrotzky Arch f khn Chir , i ol 103, p 927 

Webb and Snell Arch Rad &. Eke, lol 2, p 34 

Simpson Ann Surg , vol 07, p 348 

Hirschborg Deutsche mod Wchnschr , vol 33, p 904 

Block Deutsche Ztschi f Chir , i o! 100, p 113 

Berard Lj on chir , \ ol 38, p 1 

Haumann Beitr z kl n Chir, \ol 103, p 278 

Montangaid and Moreau Rev d’orthop , aol 8, p 415 
Hermansdorfer Deutsche Ztschr f Chir, lol 183, p 129 , „ 

Cotton Dislocations and Joint Fractures, Philadelphia, W B Saunders Co 
Marisonnet Pans med , vol 2, p IGI 
Total since 1900 
Writer’s senes 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

2 

6 recent 
9 old 
1 
2 
1 
1 

- 41 


Grand total 


maximum Roentgenograms showing typical displacement were incliideo 
m the SIX cases m which treatment was given 

Hermansdoi fer’s leport in 1923 contained an excellent clinical report 
of observations and treatment m two cases, with roentgenograms of one 
Complete recovery was reported m both, one patient being treated b} ^ 
spica- jacket cast with the midsection removed down the front an 
obliquely placed turnbuckles used to i educe the displacement, anc 
other by eaily manipulation followed by traction and countertraction n 
bed and finally the same cast technic Reduction was not entm 3 



PEABODY— DISRUPTION OF PELVIS 


977 


complete ui either case, although solid fixation occuired The author 
discussed the previous hteiature and methods of tieatment used b} 
others m his countiy Gradual i eduction by traction and compiession 
seemed to be moie favored than early manipulation, which was held 
dangerous He quoted Block as using skeletal traction 

Simpson leported one case with complete recovery after hospitaliza- 
tion of ten weeks and disability ovei one year Early reduction by 
manipulation was cairied out and the s 3 miphysis was wired Reduction 
was found to be incomplete but was later improved by longitudinal 
traction and lateral cioss-traction thiough windows in the cast that had 
been applied at operation His patient had no fractures accompanying 
the dislocation He leviewed previousl)'' reported cases in which there 
had occurred nothing but the innominate luxation , he found twelve 
such instances with a mortality of 25 per cent In five of the twehe, 
howevei, no roentgen evidence had been obtained to rule out the fiac- 
tures commonl)^ observed by others 

Block, after reporting the critical case of a boy 9 years of age who 
had a complicating perfoiating wound of the abdomen but recoveied 
with incomplete reduction and some disability, discussed the subject in 
some detail, including five other cases in the literature since Finstem’s 
lepoit m 1911, one of which he insists must be discaided 

In 1911, Guibe leported in some detail the obseivations in a fatal 
case He also critically reviewed the pie\ious hteratuie, paiticulail} 
Tillmanns’ previous review of eleven lepoited cases, and, having ana- 
lyzed these, discaided many for vaiious reasons and held that there were 
only eight authenticated cases prior to his own, all fatal Appaientl) he 
was unwilling to accept any criteria of diagnosis save autopsy obser- 
vations 

Finsterer, in an excellent discussion following his ovn case leport 
of a boy of 12 who made a complete anatomic as well as functional 
recoveiy despite a lapse of two weeks before tieatment (traction fol- 
lowed by wiring), seaiched the liteiatuie subsequent to Tillmanns’ 
review in 1905 and found eight additional case reports 

Creite, in 1906, further emphasized the eailier ideas that this injury 
is lare Though his own cases weie fatal, with severe infection in 
perineal laceiations, he expressed the belief that ^Mthout such complica- 
tion there should be a veiy low mortaht}^ rate 

The older single reports were almost invariabh of fatal cases , of 
Malgaigne’s six, four ^^ele fatal and of Salleron’s four, one A\as fatal 
In seeking conclusions fiom the literature m general it ilia's he said 
that as iiici easing attention is paid to its possibiht} complete dislocation 
of the innominate bone is being obsened iiioie often and more fre- 
quenth in nonfatal cases , that though the roentgen examination does 
not seem necessari for diagnosis increasing recognition of the condition 
has followed the wider aiailabihti of this method of stud\ , that though 
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the mechanism seems to be more fiequently a ciushmg mjur}', the dis- 
placement can be produced by a seA^eie fall, which, however, is moie 
frequently immediately fatal and so diminishes the likelihood of clinical 
observation Without visceral complications, lecoveiy from tins uni- 
lateral pelvic dislocation can uniformly be expected with or without 
treatment Reduction is likely to deciease disability Reposition is more 
complete if the procedure is not too long delayed, and manipulation 
under an anesthetic, if caiefully earned out, does not seem to inciease 
the moitahty A leview of the hteiatuie would seem to indicate that 
there should be a moie extensive lecognition of the condition in the text- 
books than now pievails 

CONCLUSION 

Eight acute cases of tiaumatic dislocation of the innominate bone, 
with one fatality, aie repoited A safe method of eaily i eduction by 
manipulation is desciibed and recommended A faiily comprehensive 
review has been made of the hteiatuie, which while probably not abso- 
lutely complete, is adequate enough to emphasize the clinical impoitance 
of this injury and to allow some gencial conclusions to be made 

REPORT or CASES 

Case 1 — Peter PI , a stonecutter, aged 24, was admitted to the hospital on the 
eienmg of Nov 11, 1917, a few minutes after being crushed between a standing and 
a moving truck He was conscious at examination and was in great pain referred 
to the pelvis, this pam became intolerable if the body or limbs were handled 
There was marked rigidity of the abdominal and lumbar muscles He was in a 
state of considerable shock, with threadv pulse, clammy skin, and a blood pressure 
of 90 s}'stolic and 56 diastolic The greatest tenderness was noted in the region 
of the left sacro-iliac joint, of the symphysis and of the perineum, where separa- 
tion and displacement could be readily appreciated bv palpation Rectal examina- 
tion did not suggest urethral injury There seemed to be shortening of the le t 
leg There was also long, deep laceration down the adductor aspect of the ting’ 

Simple cleansing was administered to the wound with sterile dressings, and 
after the patient was strapped to a Bradford frame, treatment was restricted to 
combating the shock, which persisted for about three hours Blood}' urine was 
obtained by catheter the first night, and on tentative diagnosis of a rupture 
bladder a retention catheter was inserted The next day only occasional b oo 
cells were present in the urine The catheter was withdrawn, and voiding became 
spontaneous 

Roentgen examination of the pelvis was made on the day after admissioi^ 
Glass plates were being used at that time and none of these has been 
Accordingly, the roentgenographic interpretation is quoted m detail ^-^},gre 
side of the pelvis does not seem to be in the same plane as the right side 
IS no line of fracture seen on this side of pelvis There is apparentl} an unus^ 
wide separation of the left sacro-iliac joint There is marked ^ 

symph} sis pubis about S cm , with riding upward of tire right side 
double fracture of the right descending ramus of the pubis at the obtura 
men with slight displacement Diagnosis Fracture ischiopubic rig it, is 
sacro-ihac left, dislocation symphysis pubis ” 
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The patient’s general condition improved excel lentl}’’ and though the laceration 
was slightly infected, it was controlled by Carrel-Dakm technic, a large scrotal 
hematoma required nothing more than support, and no other complications 
developed 

On the eighth day, the temperature being normal and the general condition 
good, persisting dislocation of the symphysis was reduced by open operation with 
fixation by Lane plates , the pelvis and lower extremities were included in a plaster 
cast Convalescence from the operation was entirely unev^entful On the twentieth 
dajq skin was grafted over the granulating wound on the thigh On the fortieth 
day, the patient began to sit up in bed, and on the forty-fourth da)'' he ivas dis- 
charged to his home bj ambulance 

The patient failed to return for further convalescent treatment or obser\ation, 
but about three years later responded to a recall letter, reporting m person, in 
apparent good health and with no obvious disability, stating that he was back at 
his regular work as a stonecutter The only subjective symptoms W’ere occasional 
burning and some pubic discomfort on lifting Arrangements w'ere made for 
roentgen examination and phj steal check up but he failed to return for this and 
w'as not seen again However, testimonv as to the resumption of his former 
occupation would seem to make the result most gratifjing in this case This patient 
was under the care of Dr R D McClure, who also pertormed the operation 

Case 2 — Charles D, a Jew', aged 57, short and w'eighing about 190 pounds 
(86 2 Kg), hypertensive m tjpe, came under my care on Nov 5, 1921, ha\ing 
been admitted to the hospital the previous day following an automobile accident 
Details of the accident and of the condition on admission were not available ^t 
examination he w'as found to be in a rather shak\ condition, apparent!) m great 
pain and a marked state of shock There w'ere multiple minor cuts and abrasions 
and a considerable scalp w'ound, wdiich had been sutured The pulse rate was 
increased and the temperature elevated, and the pulse beat w'as of poor quality The 
right side of the abdomen w'as rigid over the lower half with generalized disten- 
tion and tympanites The scrotum w'as hemorrhagic, and the size of a large grape- 
fruit, there w'as a large scrotal hernia on the right A w'lde defect was present 
to palpation at the symphysis There w'as great tenderness over the lumbosacral 
and right sacro-iliac joints, and pressure anvw'here on the pelvis was paintul 
There seemed to be gross abnormal mobility of the right innominate bone with 
considerable cephalad displacement The patient had not ^olded spontaneous!), 
and the urine had been bloodv on each catheterization 

A roentgen examination w’as made on admission At this time glass plates 
were being used, which have not been preserred The detailed report is as fol- 
lows “There is a fracture of the right trans\erse process of the fifth lumbar 
vertebra with 1 inch upward displacement There is a dislocation of the sacro- 
iliac S)nchondrosis on the right, the ilium being displaced upward about 1 inch, 
with Yz inch separation of joint surfaces There is a complete dislocation of the 
s\mphysis pubis with 2 inch separation There is a fracture ot the ascending 
ramus on the right side of the pubis with no displacement and a comminuted frac- 
ture of the descending ramus, one fracture line being near the pubis and the other 
near the ischium, the fragment being displaced considerabh downward and back- 
ward ” 

The patient was placed on a Bradford irame and in addition a cam as 
hammock-shng with oierhead suspension to the pehis were used Adhesne 
traction was applied to the right lower extremiti with about 30 pounds weight 
and eleeation of the foot of the bed Supportue treatment was pushed, ind i 
retention catheter was inserted 
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Following these measures there was some improvement in comfort and general 
condition, and no definite eMdence of peritonitis obtained However, tympanites 
increased, and a paralytic ileus seemed imminent, only most energetic nursing, 
with administration of stupes and solution of pituitarj finally starting intestinal 
elimination It was ten davs after admission, however, before this condition was 
entirely controlled The principal complaint during this period was intense sciatica 
on the right side, which resisted the heaviest doses of narcotics and sedatnes A 
considerable traumatic psychosis pre\ ailed for many dajs, and the patient abso- 
lutely would not tolerate the weight extension, which had to be removed after a 
feiv days Bronchitis \vas noted a few days after admission and became rather 
diffuse, but inhalations and the use of blow bottles was pushed, and consolidation 
did not develop However, there wms indication of a migratory bronchopneumonia 



Fig 1 (case 2) — Roentgenogram made five jears after injury No isa 1 
referable to the pelvis The original roentgenogram of this case 
glass plates was not preserved See roentgen interpretation m the text 
examination showed 1 inch upward displacement of the innominate at t e ^ 
sacro-iliac joint and 2 inch separation at the sjmphysis Note the fusion o 
right sacro-iliac wuth little residual displacement Originals of this pnn 
some bony continuity across the front of the pelvis, not obvious in the pnn 


\v ith fluctating temperature and respiration prevailing for the fir^ ou^ 

For the first two w^eeks, the temperature ranged from 99 5 to 103 ^ a” 

ensuing fortnight between normal and 101 F The pulse rate fo 
perature, ranging between 100 rnd 120 During most of this peno 
was on critical list ^ ninonU' 

One month after admission, clmicallj there seemed to be 
nate dislocation and a continued complaint of sciatic pain P patient 
apparatus w as not then available, and it had not been felt safe to moi e 
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On the thirtieth day after admission, his general condition being fairh satisfac- 
tory and the condition of the chest clearing up, he was sent for further roentgen 
examination, being moved on a Bradford frame with a canvas corset to the pelvis 
Roentgenograms showed little change, save for some decrease in the pubic sepa- 
ration 

The patient and his family were then told that without operation there ^^ould 
probably be continued pain, disability and invalidism, but that operation entailed 
considerable inevitable risk It was decided to accept this risk, however, and at 
the end of the fifth week, closed reduction was performed under ether The 
method was that described elsewhere m this article 

Postoperative convalescence was unexpectedly good, no pulmonary complications 
following A cast was applied, making it possible to turn the patient completely 
over, which helped m this connection On the other hand, the tendency to disten- 
tion recurred about a week after operation, and continued to be a proolem until 
the cast was removed at the end of three ^xeeks Four weeks after operation 
he began to sit up in bed, and two weeks later in a wheel chair, with a webbing 
belt An annoying complication about this time was a severe edema of the lower 
extremities, without nephritic svmptoms , on the right side, the edema almost had 
the aspects of an elephantiasis It was followed by severe arthritic disturbances m 
all these joints that proved e\tremei 3 ' resistant to phjsical therapeutic measures 
Three months after reduction and four months after admission, the patient began 
to use crutches, but he did not leave the hospital for another month 

The postoperative and final roentgen examinations show’ed fairly complete 
reposition of the right innominate bone 

The patient did not report again for four months, at w’hich time he was still 
using crutches but was able to walk about the room easily without them He 
laid his difficulty to stiffness and weakness of the knees and ankles Bony rela- 
tions at the symphysis and sacro-iliac joints seemed normal, and manipulatne tests 
were negative There was considerable limitation of motion of the low'er part 
of the back Nine months after injury he w’as getting about more comfortabh 
wnth a cane, and the joints w'ere less swollen and their movements less limited 
He reported occasional attacks of mild sciatic pain No further observations were 
obtained at that time, but friends reported a year later that he had gone back to 
w'ork 

Recently he returned for repair of a scrotal hernia Considerable disabiht\ 
had persisted from arthritic svmptoms in the knees, ankles and feet, but he had 
no symptoms referable to the pelvis He was able to walk moderate distances, 
using a cane on account of lameness in the knees He could bear his entire weight 
on either limb W'lthout any discomfort around the pehis There was considerable 
limitation of motion of the lumbar spine, but no further complaint of sciatica 
No mobilitj' at the symphjsis could be made out on manipulation Roentgenograms 
obtained at this time are here shown 

Casl 3 — ^James H, a truck drner, aged 31, on April 20, 1924, was caught 
between his machine and a moMiig freight car with injuries to the region of the 
pehis He was rendered helpless and brought to the hospital b\ ambulance about 
one and one-half hours after the accident On admission, he was m a state ot 
moderate shock but he rallied ^er 3 quickh He complained of great pain in the 
low part of the back and in the front part of the pehis which was increased b\ am 
pressure on the pehis or mo\ement of the hips He was unable to mo\e either 
hip actneh There were great tenderness and some deformit\ m the pubic 
region There was a definite left inguinal hernia oi Ion? standing The pilicnt 
was placed on a Bradford frame with pehic swathe and gnen moderate supportne 
treatment 
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Roentgenograms then obtained showed slight separation without displacement 
of the pubis and a longitudinal fracture through the bod> of the right pubic bone 
■with 1 inch separation , an oblique fracture across the body of the right ilium, 
and moderate separation of the right-sacro-iliac joint, fractures of both rami of 
the left pubic bone near the symphysis, with slight separation,^ marked separation 
and dislocation of the left sacro-ihac joint 

He voided normally during the night without blood in the urine, and no com- 
plications developed in the ensuing daj's On the fourth dav after admission 
closed reduction was performed under ether anesthesia The method described 
elsewhere ivas again used, and it is of importance to note that ivith removal of 
the binder and manipulation of the pehis, a much wider separation of the pubis 
became palpable and was fluoroscopically observed than was apparent m the orig- 
inal \-ray films taken after the frame and swathe had been applied The separa- 
tion of the right sacro-ihac joint did not seem to be accompanied by anj 
displacement, and manipulation was conhned to reduction of the displaced right 
innominate bone 

When the patient was returned to his room, the foot of the bed being elevated, 
adiiesne traction w'as applied to both low'er evtremities, wnth a 20 pound pull on 
each leg A hammock slmg w'as placed around the pehis wnth overhead suspen- 
sion of the same amount No complications followed the operation, and the patient 
reported complete relief from pain 

Traction on the legs was gradually decreased after the hrst w'eek and discon- 
tinued at the end of the four w'eeks, reduction being maintained by the hammock 
suspension This w'as discontinued at the tenth w’cek a w’ebbmg belt being sub- 
stituted, and the patient started to sit up in Led He was allow'ed in a w'heel 
chair in the tw’elfth w’eek and on crutches soon after He was w’alking the length 
of the corridor wnthout discomfort four months after the injurj" Discharge was 
authorized at this time, but the patient elected to ha^e an operation for hernia 
before leaving, and was transferred to the department of general surgen for 
that purpose, leaving the hospital three wrecks later 

This man proved rather slow in returning to w’ork, wdnch he did not do until 
six months later , he complained a good deal during that period of symptoms o 
vasomotor disturbance in the right foot and leg This responded gradually to 
physical therapy One y^ear after the accident, w'hile still holding a light jo , 
w'as reported as covering a golf course wnthout symptoms on holidays, an 
wms put back on full duty Everything w'as satisfactory until eighteen 
after the injury, W'hcn he returned with synuptoms of lumbar arthritis ’ 

cleared up when some severe oral sepsis w'as cared for Roentgenograms o tan 
one year after injury show^ed definite fusion of the left sacro-ihac joint an ^ = 
gestive fusion of the right joint 

Case 4 — George R, a French-Canadian laborer, aged 18, of slight C ^ 
iMay 3, 1926, fell 125 feet from a scaffold Near the ground the 
light staging broke the full force of his fall as he crashed through tiem 
concrete surface below' He reached the hospital m fifteen or \o 

He was unconscious on arrival, and w'as stuporous for forty -eight 
signs of fracture of the skull appeared, but he w'as in an extreme , pf 

shock On admission, blood pressure w'as 60 systolic Ob\ious ^ ,jj,oiit 

the pehis led to immediate fixation with the binder and Bradfor and 

more detailed local examination There were abrasions but no dic 

no definite evidence of visceral injury', though the abdomen was len pf 3 

lower half Tins, howeier, led to catheterization as there was a obtained, 

ruptured bladder Three hundred cubic centimeters of clear 
followed bi 20 cc of blood A retention catheter was not thong 



Fig 2 (case 3) —Original roentgenogram made after fixation on a Bradford 
frame plus a pelvic swathe Note the upward displacement ot the left innominate, 
and fracture of the left rami and right pubic bodi 



Fig 3 (case 3) — Roentgenogram diowing the eiid-rc'ult with no rc>iduil 
di'abiliti \ote the iiision of the leit s-acro-ilnc with but slieht dl^phcemtnt 
aBo the consolidation in iroiit 
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The condition of shock resisted most vigorous measures for the first twelve 
hours Except after the administration of saline intravenously or after epi- 
nephrine, the systolic pressure was between 60 and 75 or was not obtainable 
Hypodermoclysis with frequent small doses of caffeine finally seemed most effec- 
tive and kept the pressure fairly steady around 100 by the end of twelve hours, 
and at the end of twenty-four hours the quality of the pulse was good, with a 
pressure of 120 sjstolic and 80 diastolic 

Roentgen examination showed a severe upward dislocation of the left innom- 
inate bone, there being great separation in front in spite of the binder, and in 
addition a horirontal fracture across the body of the right ilium between the 



Fig 4 (case 4) — Roentgenogram showing patient’s condition on admission 
Slight separation of the left sacro-iliac joint, marked separation and displacemen^ 
of the right sacro-ihac joint, marked separation and displacement of the sympijss 
and pubis , upward and outward dislocation of the right innominate bone, 
inches at the back and 2 inches at the front and linear fracture across tie » 
of the ilium are noted 

sacrosciatic notch and the anterior superior spine, no displacement, howoier, b 

present at the site of fracture tniatic 

The patient’s condition of shock rapidly changed to one of extreme 
psjchosis, so that he was either irrational or delirious and required 
the first few dajs Although the urine became clear after the first a) 5 
was not spontaneous until the third daj On the fourth dav, tympam es 
extreme, and he seemed dangerously toxic, but this condition finalh 
stupes, enemas and a solution of pituitary During this period t it em 
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ranged between 102 and 103 F , and the pulse rate between 120 and 130 On the 
sixth daj', both were slightly lower, and he did not seem at all toxic, though still 
irrational 

It was then felt that the persisting innominate displacement was a factor in 
continuing both the organic and the mental disturbances, and reduction under 
anesthetic was accordingly carried out The method elsewhere described was 
again used, and the immediate fluoroscopic control suggested practically complete 
reposition 

After reduction, improvement in the condition became rapid in ever} respect 
Only one catheterization was required The patient seemed to have less pain, he 



Fig 5 (case 4) — Pelvis after reduction b^ closed methods Upward displace- 
ment in the right sacro-ihac is almost completeh reduced, but rotation is not com- 
plete!} corrected as evidenced by the le\el of the pubic bones There is incomplete 
reduction of the separation of the semph}sis 

was easih managed, and his mental condition became steadih better, tliough he 
was not completeh cooperatne for another week The traction on the leg and 
the hammock sling were continued Bedside films two weeks after reduction 
which to clinical examination still seemed complete, showed that there was a 
rotation or e\crsion deformit\ and slight separation persisting at the semplnsis 
A. webbing buckled binder was substituted for the hammock sling but though 
constanth tightened films after another two weeks showed little change It v as 
felt that wiring was indicated on this account but this procedure was deicrred 
until after a cestitis cleared up in the se\cnth week Operation was periorined 
on Tune 23, under etinlene It was lound that e\en after the bladder and urethra 
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were freed and the pubic space thorough}3’' cleared between the two bones, even 
with maximum contralateral traction on heavj^ wires passed around each pubic 
bone, little further apposition could be obtained The pelvic ring seemed to be 
solid at the back The symph3'sis was wired in the best possible position, and an 
osteoplastic bridge made across the pubic spines 

Postoperative treatment was b3' frame and belt Convalescence was entirely 
uncomplicated The patient sat up in bed two weeks after operation and two 
months after the accident He ivas up in a chair a few da3's later, and on 
crutches three weeks after operation At the time of discharge, two days later, 
he was walking unaided and without limping There were no shortening and no 
palpable mobilitv at the S3UTiph3'sis 



Fig 6 (case 4 ) — Roentgenograms showing the end-result four months a 
wiring, the patient is back at work as a structural iron worker, w'lth no resi u^^ 
disabilit3'- or complaint Asymmetry of the pelvis is due partly to the 
the patient, but mostly to an incomplete correction of the rotation deformit) 
the fusion of the sacro-iliac in normal position and the acetabula at the same 
The S3mph3’sis pubis is fused bv a bony bridge residual from a light gra^^ 
clearly showm in the print An interesting bridging of the lateral process o 
fifth lumbar to the right ilium seems to be causing no disability 

The patient was reexamined four months later, about six months „g 

and voluntanl3^ demonstrated his recover3'^ 63’' standing up on a table an 
down to the floor His posture show'ed no list, mobilit3 of the spine w 
plete, Trendelenberg’s sign w’as negative, and there was no mobiht} or a^^^^ 
discomfort on an} manipulation of the pelvis Roentgenograms then o 
produced here show a bon\' bridge at the site of the osteoplastic gra ts 
S3mph3 sis 
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C\‘^I T — T P. a medniiic atjcci -^0, was adniittccl to the hospital on Dec 7, 
1926 after i enisliine blow on the rntlit side of the pchis On admission, he was 
in a rather marked state of siiock witli bleeding Irom the urethra A. retention 
eatheter was inserted and sinmilatne tieitmcnt in the first twentj-four hours 
brouuht consider.ible impro\ement On tbc seeond da^, SMUptoms of peritonitis 
rapidh piogiessed and laiiarotonn w is done on the supposition that the bladder 
was nijitiired \l oiieration no bladder or other Msccral or parietal peritoneal 
damage was jireseiit ] here was however some free blood-tmgcd fluid and an 
exteiisue rent throuqh a ‘'Cgnicnt of inesentere of the ilium, the \essels of wdiich 
were thromboid and not bleidiiig, but the corresponding bowel, for about 18 inches, 
was deprned of its blood supple and was gangrenous This loop was brought 



Piff 7 (case 5) — An acute pelvic injuri apparently comparable to the preceding 
illustration but really not containing an\ true dislocation either front or back, but 
instead a rather unusual vertical fracture through the sacrum just mesial to the 
sacro-ihac joint wath multiple fractures of the front of the pehis Note the great 
upw'ard displacement of the iiinomniate The patient was injured bj' being squeezed 
and rolled betw'een hea \3 mo\ing objects There w'as a fatal and rather unusual 
internal abdominal injurj, e\tensi\e laceration of the meseiiter> of the small 
intestine with very little hemorrhage but with progressive thrombosis and intestinal 
gangrene 


outside of the abdomen for Mikulicz’ enterostomj', being opened and drained 
through both loops tw'elve hours later Considerable improvement followed for 
a few days, when signs of progressue peritonitis again supervened The patient 
died on the sixth da> after injurj A roentgenogram showed (fig 7) tremendous 
upward displacement of one innominate bone 




Fig 11 (case 8) — Condition on admission Note fracture dislocation of left 
sacro'iliac joint, rupture of s\mph\sis pubis and upward displacement of left 
innominate bone , also fracture in latei al pi ocesses of lumbar vertebrae 



Fig 12 (case 8) — Roentgenogram showing reduction of sacr(>i tract<°'’ 

correction of upward displacement of innominate bone secured ' si^ added 
without manipulation Follownng examination, a pelvic hammoc patient 

but before illustration w'as made traction was discontinued to trail 
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lii\ ition of tin. right innoniiintc boiiL witli nn obliquL fracture through the ilium 
running into the Mcro-ih ic sMichoiulrosis The innominate bone Mas displaced 
^lightK posterioiK uul at front also nicsi ilh so that tbe two pubic bones com- 
l)ktcl\ o\crlappcd 

\s blood\ 111 me was obtained i di ignosis of injurj to tbe bladder seemed 
prnhible during the da\ duhiess deieloiied in the lower part of the abdomen and 
also projectile \omiting leading to lap.iratome about eight hours after admission 
\.t opei.ition 1 leer ition of the bladder was found slighth to the left just aboae 
the urethra Tins was elosed with c\stostom\ and drainage of the preaesical 
sjiace Tianslusioii w is gneii lollowing operation The patient impro\ed con- 
sider hl\ It lirst but a progressne and critical ileus led to entcrostome on the 



Fig 13 (case 8) — Usual manipulatne tcc.inic haring faded to correct the 
recurrence of some upward displacement and rotation of the left innominate, appo- 
sition and consolidation of the pubis in front was obtained br wiring with plastic 
osteotome of the left pubic bone Some bon\ callus can be seen around the lower 
pole of the left sacro-ihac This patient was returned to full dutr as a machinist 


following clay The distention was gradualh orercome, but the patient continued 
to be quite ill for a long time, wath er idence of septic complications A history of 
a preceeding chronic crstitis and pjelitis with obrioush infected bladder combined 
with his injuries to make the course a stormj one Osteomrelitis of the pubic bones 
developed from the local infection The fecal fistula was rerj slow to close 
Healing of the suprapubic sinus finallj occurred at the end of about four months, 
and of the fecal fistula about two wrecks later 
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On account of the injurj to the bladder the patient had been transferred to the 
mological division for operation Operation v'erified the roentgen observations ac 
to the position of the pubic bones at the time of cjstotomy No definite manipula- 
tive procedures aiming tovvmrd reduction wcie carried out, but the patient was placed 
on i fracture bed with the bodv supported on slings, on account of the handling 
of the indwelling catheter, his legs were left considerably abducted His condi- 
tion was sucli that for mam weeks an}' mterv'ention or manipulation for the 
skeletal iniun was safe About four weeks after admission, portable films were 
obtained which showed the relations of the two halves of the pelvis to be normal 
save for an increased space at the s}mphysis pubis There also was evidence of 



Fig 14 (case 4) — Illustrating technic of closed reduction for innominate^ 
placement The patient is on a tilting fluoroscopic table hanging suspen 
tlie foot of the displaced side, while counter rotation of the rest of the 
performed b} straight leg manipulation on the other side The ass 
steadies the pelvus and verifies the movement of the pubic bones, wluci 
followed bv fluoroscopic check See details iii text 

osteomyelitis of the left pubic bone Subsequent roentgenograms si 
further change m relations and evudeiice of healing of the bone bega” 

months after injurj the pelvis seemed solid on examination and the pa i 
to sit up, but he did not W’alk until after another four months ■kt t n 
sjmptoms referable to skeletal injur} prevailed 


Tig IS (case 4) — jMcthocl of retention of reduction during coinalescence b^ 
pehic suspension and longitudinal traction on the displaced side 



Fig 16 — Roentgenogram from an old case lateh discovered m the files, after 
the patient was examined for a back complaint The mjurj^ occurred ten jears 
previouslj with recovery after six months There was persistent low back pain 
which spread upward, a clinical diagnosis of ankylosing spondilitis was cor- 
roborated by a roentgenogram See also the difference in the le\el of the iliac 
crest and derangement of the SMTipbvsis Roentgenogram taken to show' condition 
of spine 




994 


ARCHIVES OF SORCERY 


Cash S — J B , a mechanic aged 26, uas admitted to the hospital in the morning 
of Dec 8, 1927 a few minutes after an automobile accident m winch his car o\er- 
turned, but the mechanism of the injurj was not further recalled He showed 
laceration over the right e\e, bruises around the trunk and legs, crepitation and 
seiere localized tenderness o\er the left posterior iliac crest, h} permobilitj of the 
pehis m front, wnth extreme pam on handling Roentgenograms showed an 
upward luxation of the left innominate bone both pubic and sacro-ihac sinchon- 
droses being ruptured, a fracture with slight displacement through the posterior 
part of the left ilium and fractures of the left lateral processes of the third, fourth 
and hfth lumbar \ertebrae Roentgenograms of the skull were negatne 

The patient was placed on a Bradford frame and general supportne mea- 
sures were instituted During the da\ he de\ eloped rather marked simptoms of 
shock, which how'e\er, responded to a second intra\enous infusion of dextrose 
There were also se\eral attacks of \omiting, but onh after ingestion As con- 
siderable abdominal tenderness developed, with continued inability to roid, 
catheterization w'as done, but the urine was clear During the first few dais the 
patient was at times stuporous or irrational, but no other or further eiidence of 
cerebral iniuri dei eloped On the second dai, longitudinal traction of 25 pounds 
on the leg of the displaced side was begun on a fracture bed but no more iigorous 
measures of reduction seemed safe in \iew of his general condition 

At the end of a week, the patient’s general condition was len good but 
although no w'ound or externa! eiidence of trauma had been obsened a rather 
marked parotitis, with considerable eleiation of temperature, dei eloped This 
responded to consenatne measures, but was responsible for further postponement 


of manipulative treatment of the pelvic displacement How'eier, roentgen exami- 
nation made wnth a portable \-ra\ apparatus on the thirteenth dai, showed appar- 
entlv complete correction of the upward displacement of the left innominate bone 
Traction was therefore discontinued in faior of a pelvic hammock to accomplish 
reduction of the separation of the sjmphysis It was about ten daAS later that 
transfer to another building had to be made, and bj some o\ersight, the next 
examination did not occur until four weeks after admission, when some recurrence 
of upw'ard displacement with an additional rotation deformlt^ was obser\ed 


^lanipulation under the fluoroscope b^ the technic described was at once carriec 
out, and it wms thought that considerable improvement in position was obta.ne^^^ 
How^ever, control roentgenograms subsequenth show ed imperfect apposition w 
o\erlapping of the pubic bones in front Open reduction, w’lth an osteoplasti^o 
the left pubis and wunng, wms accordingl} performed about six weeks after a mi 
Sion External fixation after operation w'as continued in a double plaster spic< 
Con\ alescence w'as uncomplicated, and the roentgenogram show'ed an appar 
satisfactor\ result It should be noted that at operation no mobilit\ of tie 
at the back could be obtained, so that plastic procedure was resorted to to 
plish pubic consolidation In spite of some persisting rotation of this si ^ ° 


pelvis, the two acetabula appear at the same level, and there is no 


clinical shorten- 
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of the extremitj The patient has returned to full duti with no comp 
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CONTRACTURE RESULTING FROM TENOTOIMY - 
HCLE\ K DAVENPORT, ISIS 

AND 

S W RWSON MD 
cnic\co 

The tcim conliactinc is used to designate piolonged or moie or less 
peimanent muscle shoitening The dela\ed lelaxation seen in a neive- 
nniscle piepaiation altei a senes of lapidl) repeated contractions 
the dela}ed lelaxation caused In eeiatiine poisoning the prolonged 
shoitening caused hi nicotine and acetilcholine in frog muscle and 
in denenated mammalian muscle and Tigel's contiacture are chief!} of 
mteiest to the plnsiologist M ith the exception of the first mentioned 
which IS general!} legauled as a fatigue contracture due to the accumu- 
lation ot lactic acid m the muscle not much is known about the plnsico- 
chemical factois involved m these phenomena Noi aie the structuial 
factois ain bettei understood The relative parts pla}ed b} the nno- 
fibiils and sai coplasm aie still matteis of controversy In a recent 
aiticle, Gassei ’ has ]^resented a comprehensive review of the various 
types of contiacture wuth wduch the ph\sio!ogist is familiar and states 
that these aie of an entirel} ditteient natuie from the myostatic con- 
tiactures wuth which this papei deals 

As ordmaril} used in clinical literature, contractuie designates a 
condition of peisistent tonic shortening of muscles which will, how- 
e^er relax during sleep oi undei anesthesia To this class belong the 
contractures seen m some patients with lesions of the pyiamidal tract 
This soit of muscle shortening is maintained b} a continuous stream 
of neive impulses leaching the muscles fiom the central nervous system 
and affecting one group of muscles predominantl} oi to the complete 
exclusion of their antagonists It is in fact, nothing but an exag- 
gerated and continuous state of h}pei tonus and is characteiized by the 
defoimity which it produces, liy its steadv persistence dining the waking 
houis, and by the fact that it disappears dining deep sleep or anesthesia - 
H}sterical contracture and the leflex contractures, so often seen during 
the war, wdneh bear some obsciiie i elation to more or less trifling 
wounds, also have as their basis an excessive and continuous tonic 
innervation of the affected muscles iMuscle shortenings of this sort 

Submitted for publication April 28 1530 

From the Institute of Neurolog\ Northwestern UnnersiU Medical School 

1 Gasser H S Contractures of Skeletal Muscle Phjsiol Rei 10 35 1930 

2 Oppenheim H Textbook of Xer^ous Disease^ Edinburgh O Schulze & 
Co, 1911 
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whatevei then cause, fall in one gieat gioup and may piopeily be 
designated as hypei tonic contiactuies 

Apparently even in contiactuies of pyiamidal oiigin theie may 
develop some mtimsic shoitenmg in the muscles, foi accoidmg to 
Foerstei,® while these contiactuies aie due in laige pait to hypertonus, 
the} die also m pait due to the fact that each muscle gioup adapts 
Itself to the appi oximatmg of its points of mseition by the gradual 
development of conti action and permanentl}'^ letains this condition of 
shortening It this actually occuis, the aftected muscles should not fully 
lelax under an anesthetic, and the lesidual shoitenmg that persisted 
undei deep anesthesia would belong in the class to be desciibed next 
Undei the geneial heading of myostatic contiactuies have been 
included a gioup quite diffeient fiom the preceding (Ranson and 
Sams '‘) It includes all contiactuies that aie caused by the fixation 
of the muscle at a given length for a considerable peiiod of time 
Familial examples aie the contiactuies that lestiict the movements of 
joints aftei immobilization for weeks in plaster casts, the permanent 
shoitenmg of muscles aftei division of then tendons, and piobabl}, m 
then early stages at least, the paialytic contractures due to the unequal 
paialysis of antagonistic muscle gioups m anteiior poliomjelitis and 
multiple neuritis Since they all aie caused by fixation of the muscle 
foi a long tune at one unchanging length, this group of contractuies 
might not improperly be designated as immobilization contractuies, but 
the term m3mstatic more accurately desciibes the condition 

By mj'ostatic contracture we mean to designate a condition of per- 
manent shoitenmg m resting muscle which is maintained m the entire 
absence of neive impulses, the muscle having acquiied, usually as a 
result of piolonged immobility, a new and shoitei resting length 
It is the condition which has been designated “Ruheversteifung by 
Spiegel and Shiboya ° These investigators and otheis as fai bach 
as 1886 (Moll“) har'^e clearly demonstiated that if the bony attach- 
ments of a skeletal muscle are immobilized for several da}S so as to 
prevent the changes in length that noimall}'’ lesult from spontaneous 
and reflex movements, theie occurs a fixation of the muscle at the 

3 Foerster. O Die Kontrakturen bei den Erkrankungen der P3 ramidenbahn, 

Berlin, S Karger, 1906 . 

4 Ranson S W, and Sams, C F A Study of Muscle in Contracture Tie 

Permanent Shortening of Muscles Caused bv Tenotom\ and Tetanus 
Neurol & Ps3'^chopath 8 304, 1928 j 

5 Spiegel, E A , and Shiboya, H Die Bedeutung des Zentralnervens^s^e^^^ 
fur die Entstebung muskularer Contracturen an eingegipsten Extremitaten, 

f d ges Exper Med 44 729, 1925 7 jand 

6 Moll A Experimentelle Untersuch ungen uber den anatomise len ^ 
der Gelenke bei andauernder Immobilization derselben, Virchows - rd 
Anat 105 466 1886 
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length thus imposed on it If taken sufliciently eaily, this contiactuie 
can be oveicome b\ active oi passive movements, but if it is left 
untieated foi some time the damage becomes iiiepaiable 

It ma} be that adhesions and ankilosis play a pait in the limitation 
of motion in a joint that has been enclosed foi weeks in a plastei cast, 
but these factois aie ccitamh secondaiy to the shoitening of the 
muscles This is cleaih shovn h\ the following expeiiment (Moll®) 
Aftei the hind leg of a labbit had been enclosed in a plastei cast foi 
twelve da}s, dnision of the muscles completely eliminated all of the 
lesistance to passne movement which had developed This shouted 
that wuthm this time no adhesions thickenings of the joint capsule oi 
changes in the aiticulai sui faces had developed and that the limitation 
of movement w'as entiieh' due to a shoitening and fixation of the 
muscles 

Fiohhch and Meyei ’ ha\e shown that this fixation of an immobi- 
lized muscle IS dependent on the neive impulses that reach it from the 
cential neivous s^stenl Immobilization of a denervated muscle does 
not cause it to become set oi altei its extensibilit) as would be the case 
if the nerve suppl} weie intact Accoidmg to these authors, section of 
the doisal roots suppl} mg the muscle is sufficient to pi event the con- 
tiacture indicating that the integiity of the local leflex arc is essential 
for Its development 

Spiegel and Shiboya lemoved the left motor coitex from cats and 
found that m the light hind leg the extensoi muscles became set more 
quickl} than the flexois, wdiile flexor iigidity was more easily induced 
on the left side They earned out other expei iinents, transecting the 
spinal cold in the lowei thoiacic legion and then putting the limbs up 
in plastei casts m the flexed position, and found that setting occurred in 
the fore limb moie quickly than in the hind limb These experiments 
indicate that the hi am centers that control tonic innervation of the 
muscles play an important part in the genesis of this phenomenon 

Myostatic contiactuie is then the fixation or setting of an immo- 
bilized muscle in a new and shoitei than normal lesting length In its 
genesis it is dependent on the nervous system and it is probabl) an 
abnormal manifestation of tonic innervation It is, howevei, only in its 
genesis that myostatic contracture is dependent on the nervous system 
Aftei it has once developed, it is independent of the innervation and 
persists under deep anesthesia and even aftei section of the motoi 
nerve It is a contiactuie of muscle at rest and is m this respect to 
be sharply distinguished fiom the hypei tonic contractures previouslv 
mentioned 

/ Frohlich, A and Mej'er, H H Untersuchungen uber den Tetanus Arch 
exper Path u Pharmakol 79 55 1916 
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]\fan3^ of the attempts at explanation of contiactmes of various 
types have dealt with the h3?pei tonic foims, and a numbei of the papeis 
have been for the most pait leviews of the hteiatuie on the contio- 
versial questions of muscle tonus The papeis of Buscamo,® Coopei,’’ 
Crocq Noicad^ Pieiond" and Ott^* contiibute nothing of importance 
to the pioblem Piobabl3'' the most significant single observation is that 
attiibuted bi Oppenheim - to Biissaud, namely, that an anemia of the 
affected extiemity pioduced b3' an Esmaich bandage has a leiaxing 
effect on the shoitened muscles It suggests that the shortened state 
IS not maintained b3^ stiuctuial alteiations m the muscle, but 113 a 
chenncoph3'S!cal equililuium that is upset )w the anemia 

Ranson and Sams’ ^ stud3f of mvostatic contiactmes pioduced by 
tetanus toxin and by section of the tendo achilhs m lats and cats dealt 
with the capacity foi shoitening that the gastiocnemn of these animals 
letained m then shortened state and the speed of lelaxation fiom 
nei ve-muscle tetanus 

Kymogiaph lecoids showed that a muscle m m3 0Static contiactiire 
cannot shorten so much as a noimal muscle dm mg nei ve-muscle tetanus 
In these expeiiments the aieiage noimal shoitening of the rat’s gastioc- 
aemitis dining conti action was found to he 7 5 mm, and this was 
1 educed to an average of 4 6 mm foi the muscles m contiactiire 
While the capacit3' foi shoitening dming nei ve-muscle tetanus vas 
deci eased to the same extent m both tvpes of expeiiinental myostatic 
conti actuie, the late of lelaxation was unaffected b3'- tenotomy but was 
considei abl3’’ 1 educed by tetanus toxin 

The height of conti action and the late of lelaxation of a muscle m 
tetanus conti actuie weic the same whethei the muscle was stimulated 
diiectly 01 thiough its neive This showed that the defective con- 
traction cannot be explained on the basis of an involvement of the neive 
01 neive endings 

Changes m length of the muscles and of individual fibeis and 
changes m weight weie also noted In both tetanus conti actuie and that 
following tenotom3q fibeis in the cat’s and lat’s gasti ocnemius hac 


8 Buscaino, Y M Genesi tossica della conti attura , espenmenti e critic 
Riv di pat nerv 17 330, 1912 

9 Coopei, G Contractures and Allied Conditions Brit M J 1 fb9, 1 

10 Crocq J Le mecanisme du tonus muscuhire des reflexes et de 

ti actuie, Encephale 9 147 and 197, 1914 ^ jg 

11 Noica, AI Le mecanisme de la contracture spasmodique Presse 
153, 1911 

12 Pieron, H Du mecanisme plu siologique clu tonus miisculaire 
introduction a la theorie des contractures, Presse med 26 88 1918 

13 Ott, A Considera/ioni stilla fisiopatologia della contrattura, 
ner\ 17 429, 1913 
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become ])eimanenth shortened 45 oi 50 per cent ot their normal 
length hut owing to the ohliquit_\ ot the fiheis the muscle as a uhole 
underwent a shoitening of onh 10 oi 12 pei cent The u eight ot the 
muscle lemained normal in tetanus contiactuie but after tenotoim 
there was an aveiage loss of u eight of IS per cent 

Da\enpoit Davenpoit and Ranson “ have found that the lactic acid 
content of lahhit and guiiiea-pig muscles m the contiactuie caused b\ 
tetanus toxin is uithin the same range as that of noimal muscles eithei 
from the unaftected side of the same animal oi from noimal animals 
The gheogen content * of gumea-pig and lahbit gastrocnemii is usuall} 

1 educed during the eaih stages ot the contracture while it is still 
dependent on inneivation Rats show little change m glycogen content 
at the same period In latei stages of tetanus contracture the gheogen 
content of contracted and noimal sides is usualli about the same, 
though frequently both aie low'ei than in noimal animals The gh- 
cogen content seems to hear no causative relationship to contracture 
Weitheimei s expeiiments led him to helie\e likewise that gheogen 
change had little to do wnth contiactuie Deteiminations of changes 
m acid-soluhle phosphoius fi actions m lahhit muscles m tetanus con- 
tracture^’ show^ed an appaient i eduction in the total quantiti and a 
similai deciease m phosphocieatine Determination of protein nitiogen 
in these muscles indicated that the w'ater content of the muscle in 
tetanus contracture w'as gi eater than that of the noimal The deciease 
111 total phosphoius w^as propoi tioiial to the inciease in watei in the 
muscle and the deciease in phosphocieatine w'as onh a little gieatei 
than could he accounted foi h} the change in water content Since 
tetanus muscles aie iiioie iiiitahle than noimal ones, stimulation occiii- 
inig duiiiig fieezing may have been responsible foi the i eduction of 
pliosphoci eatme It is believed that theie w^as no significant change 
in absolute quantities of acid-soluble phosphoius fi actions since the 
remaining fractions vaiied inconstantl}'- The fat content m tetanus 
muscles of labbits was 10 pei cent gieatei in thiee of five animals and 
m the other twm it w^as the same as the noimal muscles 

14 Davenport H A , Davenport, H K , and Ranson, S W Chemical 
Studies of Aluscle Contracture I The Lactic Acid Content, J Biol Chem 
79 499, 1928 

15 Davenport, H A , Davenport, H K, and Ranson, S W Chemical 

Studies of Muscle Contracture III The Change in Gh cogen During Shortening 

Produced by Tetanus Toxin, J Biol Chem 82 499, 1929 

16 Wertheimer, E Verandert sich der Gb'kogenbestand bei der tonischen 
Contractur quergestreiften Muskelii, Arch t d ges Ph\siol 221 139, 1929 

17 Davenport, H A , Davenport, H Iv , and Ranson S W Chemical 

Studies of j\Iuscle Contracture IV Changes m Phosphorus, Nitrogen and Fat 

Content During Shortening Produced bj^ Tetanus Toxin, J Biol Chem 87 295, 
1930 
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Expel imental woik on changes in stuictme of skeletal muscle in 
’laiioiis stages of conti action and kinds of contiactuie has been done 
b} Flank He detei mined b\ measmement of the cioss-stiiations the 
lelationships between the wndths of isotiopic and anisotiopic bands in 
isometiic conti action, sti etched isometiic conti action sti etched resting 
muscle fatigue contiactuie, chioiofoim contiactuie and iigor mortis 
He tound the latio of the width of isotiopic to anisotiopic bands the 
same m chloiotoim contiactuie iigoi moitis lesting muscle and in 
complete fatigue This was difteient howevei fiom the latio found 
m vailing degiees of conti action He beheied theiefore that tiiie 
conti actions and conti actuies of I'anous kinds aie not of the same 
natui e 

Huithles^'’ lecent expeiiments on frog muscle weie undei taken 
because Flank’s wmik on fiog muscle disagieed with work which 
Huithle had done on Hych ophilus muscle Huithle investigated the 
effects of chemical fixation on the maintenance of contiaction produced 
b\ electiical stimulation His use of kimograph tiacings made during 
fixation of the muscle while it wms being stimulated showed some dit- 
feiences m i espouse to vaiious fixatives and a paitial lelaxation of the 
muscle fiom the initial contiaction induced by the fixative, which Frank 
believed augmented that caused by electiical stimulation He was able 
to obtain the same histologic pictine that Fiank did when his material 
was handled in the same \va.\, but in anew of the vaiiation caused In 
diffeient methods of handling, he did not feel that such a pictuie could 
be taken as the true condition of living muscle 

Nageotte studied the micioscopic changes in fiog muscles m the 
extieme contiactuie pioduced by faiadic stimulation and that produced 
by exposuie to stiong chioiofoim vapois"^ He obtained fibeis pm 
sentmg undei the micioscope a mottled appeal ance, which he mteipre e 
as contraction of the imofibiils in spots since it could be pi evented h 
the muscle iveie pulled out slightly befoie fixation The earl) staj,^- 
of chioiofoim contiactuie lesembled vaiious stages of faradic con 
ti action and iveie also leveisible so long as the muscle lemamed eec 

18 Frank, G Das histologische Bild der kluskelkontraktion Aich f d _ 
Physiol 218 37 1927 

19 Hurthle, K Zur Kenntnis der Struktur des ruhenden mid 
Froschmuskels I Abhandlung Lasst sich die Struktur des Frosc umis^^^ ^ ^ 
Zustand der Verkurzung durch chemische FiMerungsiTiittel festhalten 

ges Plnsiol 223 685, 1930 

20 Nageotte, J Sur la contraction evtreme du muscle strie chez la o 

Compt rend Acad d sc 180 761, 1925 itracture 

21 Nageotte, J Sur la morphologic du muscle strie en 

chloroformique chez la grenouille Compt rend Acad d sc 180 » 
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tiicall}' excitable but m the latei ineveisible stage when plasma was 
expelled fiom the fihcis and coagulated on the smface the pictuie 
was quite difteient 

Gaviilescu -- has lepeated Nagcotte’s woik on chloiofoim con- 
tiactuie studying fixed and stained mateiial and, in addition, the fiesh, 
unstained fiheis He confiimed Nageolte’s woik on the stained mateiial 
In the flesh mateiial, howevei, conti action waves could he seen moving 
down the fiheis when the} weie exposed to chloiofoim The cioss- 
stiiations veie alteied in the conti acted poition of the fihei as the 
wave passed along, the daik hands appealing to appioach closei to one 
anothei so that the conti acted pait uas darkened The authoi was 
unable to sa} whether theie was a rcveisal of stiiation In oidei to 
eliminate the chemical factoi that might possihl} he imolved in chloio- 
toim contiactuie, he earned out anothei senes using diiect electrical 
stimulation Heie also he examined both stained and fiesh muscle 
His ohseivations agieed with those of Nageotte foi stimulated muscle 
on the stained tissue, hut in fiesh muscle stimulated to conti acture and 
then examined in phvsiologic solution of sodium chloiide, theie was 
no alteiation in stiiation and the fiheis appealed noimal 

In a note concerning Gaviilescu’s woik, Nageotte-* lefeis to his 
own woik*° in which he had observed a tendency loi the muscles to 
relax a little spontaneously after cessation of stimulation and in which 
It was possible to stietch them out to noimal length with a little gentle 
traction He does not, therefoie, believe it possible to dissect oft small 
pieces of fiesh muscle fiom the conti acted muscle and maintain extreme 
conti acture 

The micioscopic changes occuuing in lat’s gastrocnemn in con- 
ti acture pioduced by tetanus toxin have been studied in this laboiatory 
The fibers showed more pronounced longitudinal fibi illation and blurred 
cross-striations The bluiiing of the cross-stiiations was due in pait 
to a loss of ahnement of ni}ofihriIs and in pait to lack of unifoimity m 
reaction to stains in different parts of the fibers This pioduced a 
mottled effect which will he described in more detail latei in the papei 
Measurements of the width of isotropic and anisotiopic bands m legions 

22 Gavnicscu, N La contracture chloroformique et les modifications de la 
fibre stnee, Compt rend Soc de biol 101 771, 1929 

23 Gavnlescu, N L’aspect de la fibre musculaire stnee lors de la contracture 
electnque, Compt rend Soc de biol 101 852, 1929 

24 Nageotte, J Au sujet de I’aspect histologique de la fibre musculaire stnee 
lors de la contracture electnque, Compt rend Soc de biol 101 990, 1929 

25 Davenport, Helen K , Ranson, S W, and Stevens, E ^Microscopic 
Changes of Muscle m Myostatic Contracture Caused bv Tetanus Toxin, A.rch 
Path 7 978 (June) 1929 
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taking the stain with difterent intensit}'- showed that then spacings 
bore no relation to the intensity with which a given part of a fibei 
stained, so that the daikei coloi was not due to widening or appro\i- 
ination of anisotropic bands in one region and leversal of the condition 
02 normal spacing in another Some fibei s stained uniformly, but the 
isotropic bands were nan owed thioughout There was fiequently great 
vaiiation between the appeal ance of adjacent fibei s in the same field 
Scattered fibei s in some specimens appealed to be undergoing degen- 
eiation Theie was some iiiciease in sai colemma nuclei and in the 
numbei of laige wandeimg cells Cross-sections showed an increase 
in the thickness of the fibei s, and measurements showed that they 
weie 23 pei cent gieatei m diametei than the normal fibei s No 
inciease in connective tissue could be seen Figures foi the total 
shortening of the muscle and foi the shortening of individual fibers 
neie found to be about the same as those given by Ranson and Sams 
foi muscle m tetanus contiactuie Likewise, theie was no deciease in 
eight m the tetanus muscles The changes obseived did not explain 
the fixation of the muscle m the shoitened state 

The piesent papei deals with the microscopic changes that take 
place in the gastiocnemius muscle of white lats, guinea-pigs and cats 
in which the tendo achilhs has been sectioned and makes a coin- 
paiison of such changes with those aheady outlined foi tetanus 
conti actui e 


METHOD 

Four cats were killed seventeen days, two guinea-pigs and ten rats sI^tec^ 
days, and three rats forty-four da\s after section of the tendo achilhs in the rig it 
leg The left gastrocnemius served as control The gastrocnemn were dnsecte 
out immediately on the death of the animal Before lemoval of the right gastroc 
nemius from the leg, the distance between the cut ends of the tendon was ineasine^ 
while the ankle was held at a right angle This was done onlv on rats 
muscles were then removed and suspended in a moist chamber for one loi 
under a tension of SO Gm foi rats, 100 Gm for guinea-pigs and 200 Gni 
cats, and then placed in fixing fluid with the weight still attached Fixation ai^^^ 
staining methods were the same as those emplojed in the study of 
tetanus contracture, le, formaldehjde U S P (1 10), Zenker’s fluid an 
fluid for fixation , and for staining, hematoxylin and eosin, iron heinatoxi 
Gieson s piciofuchsin, and Mallor}'^’s triple connective tissue stain A1 pj 

were used after each fixative since the manner of fixation permittee tie us 
only one fixative on a given animal , 

After fixation, the right and left gastrocnemn of each rat were rie^ 
carefullv with filter paper and weighed and measured The tota 
muscle and the length of the fibers in an easib"- identifiable bund e vere 
in both the shortened and control muscles , 

Paraffin sections longitudinal and transverse, from 6 to 8 ^ ’gj^orteiied 

prepared for microscopic stud} Sections from both the contro an 
muscle were mounted on the same slide to insure uniformity o trea 



DAV ENPORl -RAN SOX— CONI RACl URL FROM TENOTOMY 1003 


RESULTS 

Gloss Changes — The gasti ocneniii of which the achilles tendon had 
been cut showed the typical picture of contracture The\ were short 
and plump and had pulled the cut ends of the tendon apart The dis- 
tance betw'een the cut ends, as measured w'hile the ankle was held at a 
right angle, ^arled from 6 5 to 12 8 mm in rats The three rats that 
had been kept for fort} -four da\s after tendon section showed fairh 
Avell defined new tendons foimed b\ a filling in of the space between 
the cut ends of the old one presumably with connective tissue, though 
no histologic examination was made of the tissue Two of these 
animals had regained the function of their limbs so that there w^as little 
difiterence in the w^a} the\ used their hind legs The third rat had 
regained considerable function also but it was not so nearh normal 
as tbe other tA\o The space between the cut ends of the old tendon 
Avas greater in this rat than m the others 

Some atroph} had taken place m our preparations in which the 
tendon had been sectioned This was shown b\ the difterence m 
the Aveights of the right and lett gastrocnemn The average weighu 
of the shortened muscles of rats was 0 91 Gm that of the normal 
muscles, 1 14 Gm The loss of weight averaged 20 per cent The 
shortened muscles of two cats averaged 15 8 Gm , the normal 20 Gm , 
showing a loss of 21 pei cent in w^eight The muscles of two ot the 
cats and the guinea-pigs were not weighed or measured but piesented 
the same short, plump appeal ance as those wdnch were Audova 
found in his experiments on labbits m which the tendo achillis had 
been cut for from twelve to sixteen da\s that there A\as an average 
loss of w^eight in the fresh muscle of 19 1 per cent Lange did some 
experimental w'ork on ralibits to deteimme the importance of tension 
foi muscle atroph} and legeneiation He cut the achilles tendon and 
excised a piece of it together wath from one third to one half of the 
gastrocnemius In one series of experiments a silk thread was attached 
to the remaining stump of the gastrocnemius at one end and the cal- 
caneus at the other and draw n as tight as possible a\ ithout pulling it 
out of the muscle Regeneration did not occur after four months 
Degeneration w^as present instead In another series the thread was 
adjusted to approximate the normal tension Here regeneration started 
from the muscle dowm over the thread in about eigbt w eeks and after 
sixteen w'eeks the prepaiation had the appearance of normal muscle 
with normal tendon In a thud series, a connection was made between 

26 Audo\a, A Ueber den zeitliclien Verlauf der r^Iuskelatrophie nach 
Sebneiidurchschneidung, Schweiz Arch f Xeurol u Ps^chlat 10 211 1922 

27 Lange, AI Die Bedeutung der Spannung fur die Aluskelatrophie und 
Iiruskelregeneration Verhandl d deutsch orthop Gesellsch 23 230 1929 
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muscle and calcaneus with silk thieacl, but the thiead was left with 
no tension at all Heie atioph} occuiied until the gasti ocnemius had 
neail} disappeaied No histologic stuch’- was made of these muscles 
This bears out the obseivations of j\Ie\ei that atiophy occuis in 
relaxed muscles 

The amount of shoitening of the muscle and of mdnidual fibeis in 
the suits ot lat muscles is shown b\ the following figuies The total 
length ot the noimal muscles aveiaged 30 4 mm and of the shoitened 
muscles, 26 3 mm , which is a shoitening of 13 pei cent The minimum 
shortening was six pei cent, the maximum 22 pei cent The individual 
fibeis measuitd in the noimal gastiocnemii aveiaged 101 mm in 
length, and in the shoitened ones. 6 8 mm This was a deciease of 
32 per cent in length These figuies aie similai to those found for 
tetanus muscle The oblique coiuse of the fibeis thiough the muscle 
would account m pait foi the disci epanc} between the amount which 
the whole muscle was shoitened and that nhich the individual fibers 
shoitened 

Microscopic Changes — Aftei tenotoni)' as in tetanus contiactiue, the 
gieatest alteiation occuiied m the aiiangement and the staining pioper- 
ties of the mj^ofibiils Longitudinal stnation was moie pionounced 
and cioss-stiiation bluiied The bluiiing of the cioss-stnation came 
about m different ways, foi the histologic pictuie was not a unifoim 
one, since adjacent fibeis m a specimen trequently had quite different 
appeal ances This is well illustiated m figuie 2 Some fibeis oi poi- 
tions of fibers weie thiown into a waAy contoui and the fibiils therefore 
twisted so that when cut m longitudinal section, one could see cut 
ends of fibiils alternating with legions of distoited cross-stiiations 
lunning obliquely acioss the fiber in one diiection oi anothei accoidnig 
to the diiection of the fibrils at that place (fig 2, d and e) Undei low 
power magnification these fibeis weie stuped acioss with light and 
daik This, howevei, is quite difteient fiom the light and dark mottled 
staining found in othei fibeis and illustiated in figuie 2, fibei a, and 
figuies 3 and 4 The mottled staining lefeiied to heie is similar to 
that seen in tetanus contracture It seemed to be due m part to a loss 
of affinit}^ for stain m some poitions of a fibei, while adjacent areas m 
the same fibei stained normall)'^ oi darker than normal, shoumg ^ 
gradation into the nonstaining or lightly staining aieas The configu’'''* 
tion ot these aieas was very irregular, sometimes taking the to™ 
of fairly wide zigzag bands acioss the fiber, sometimes mtei lacing to 
give a lattice-like effect as seen m figure 3 The lattice-like 
ance was intensified by the separation of the fibiils which procuc 

28 I'leyer, A W Theone der Muskelatroplne, Mitt a d Grenzgeb d 
n Clnr 35 651, 1922 
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tilt lontiitudmal !il)iiii itmn Pimut uiiith is a Im^hci magnification 
ol IiIkis ,j h 111(1 ( ot iimiu ^ sh,n\v, tills \(i\ wtll In a number ol 
fibtis unions wi.t s(iii in whuh »1 k "anu ntoupot uotropic <uul anuo- 
tiojiic binds toubi u uiih Ik tiaud itross noimalh nr d irkh stannn" 
iikI liniitl\ Ol non''t,uninn ni u In '•onu unions tht} maintaintd 
tluii noinii! sp.icinns m otlui'- the / b nv! u.u narrowed \s v as 
thi t.ist in til unis iMiiti Ktiiu no (lifiniti ulation could be seen between 
tilt (Ink md iinbt st mnnn unions ni the iib^i md the rini'>H'' m which 
the siiipts wiu noimd oi n. mowed ll'ith ninowed and normal 

spitinn' W(u loniiil in both hnhi and dirk unions as can be seen m 
iinuri 1 1 In mottlinn lonld not theuiou be .ittnbuted to con- 

triciion ot tin tibi 1 in sjMits i hi po'sibihu that this eftect minht be 
due to ])ooi dihi n nti ilion v .is iliminitid b\ eheekinn the iron hema- 
lowhn sutioiis with otheu stmiul be piciotueluin hematowlin and 
tosin .ind M.illore s tripli stam all of whith slioueil mottlinn of the 
s.inu unions \inhii eonid hxition be U'ponsiblt since mottling 
ociurreil .iitei .ill ol till three lix.iiui-' tuid In tetanus there were 
in .iddition to iioiiiiilh st uninn and linhth stainmn areas m fib^rb 
renioiis that sinned eere d irkh md in which the striations were 
obseured except it the cdni' where a daik licid joined a light one 
Here aKo one oec.iston ilh lonnd linhth stanud stretched areas between 
the \er\ daik onts ‘stu.h extnme eontiasts were not ^een in the 
contracture trom tmotonn 

Iksides mottled iilnrs there were others that st, lined \er\ lighth 
throiinhout w nil eross-stn.itions b.inh \isible Still other fibers illus- 
trated m finure 2 h .md < h.id bluiud crosN-stnations resulting trom 
a loss of ahnement of nnofibrils so that the J bands and the O bands 
in .idjacent fibrils did not he in line <ind the striations did not theretore 
apjieiir continuous ,ill the wa\ across the fiber as u the case in the nor- 
m.i! fibers shown in figure 1 The loss ot ahnement seemed to be due 
to rupture ot the interfibrillar portions ot those membranes (Z mem- 
branes) that bind the nnofibrils together Small groups ot fibrils or 
induidual fibrils bee.ime sejiarated trom their tellows and were dis- 
placed shghtl} in a longitudinal diiection breaking up the continuit} 
of cross-striation 

In some muscles all ot the aforementioned changes could be found 
side In side Other muscles showed onh one or two of the changes 
Six of the secenteen animals studied failed to show mottled fibers 
This included the three that had regained function through growth of 
connectne tissue between the cut ends of their tendons The presence 
or absence of mottled staining was not dependent on the degree of 
shortening, how'ever, for two rat muscles showing it lery well had 
shortened 19 and 13 per cent, while another that had shortened 22 per 
cent had none at all The three rats which had had their tendons cut 




tion of tendo achilh^'”^/ section of gastrocnemius (rat) sixteen da 3 S after scc- 
of alinement m mvnfiK i striations, mottJed staining, (b) and (c) Io‘:s 
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tion of tendo S^^®*rocnemius (cat 1) seventeen dais after sec- 
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foi f()it\-t(ini (I.i\s had th.il wcic 6, 13 and 19 i)ei cent 

slioitci than tliL nunn.d and noiu of iIkiii Ii.id mottled fiheis 

11k ihickeninit; of thi fihcis icsnllint^ fiom then shortcnmtf was 
.ijipaicnt in lonttitndinal a*' well .is in ttans\tisc sections 7 he diltei- 
enet in s]/t of the filieis of noim.il nuisele .ind muscle m contracture 
is ilhisti.ited In fillies s and ti h'ii;uie ^ is from the s^astrocnemius 
in eonti.ietuie .md lit,Miu () Horn the noim.il y:.istioenemius of rat 8 
The .luas photoL,M iphed wtu t.iken fiom .ipproximatch the same 
uenons ot tin two ” istioenemii J he imiselcs m eontiactuie alwa\s 
St. lined mou lii^hth .md looked less dense th.m the normal ones In 
hoth loni^ittidm.il .md trins\tisi seetions the nnofihiils seemed not to 
he packed so close tot,Ktlui .is m noim.il nuisele I'liis eoupled with a 
deeie ised .iltmite ot ji.uts (U the fdnils themseKes fot the stam would 
.iceount foi the lu,ditei histoloetie ])ietuie 

Cleiih deliiud e.ieiioles weie piismt m se.itteied fiheis in onh halt 
ol the .inimals sHidud \ .leuol.ition heie dilleied from that seen in 
tet inns m numhtr iiul disti ihution of \ leuoles Heie the\ usualK 
oeeuiied smt^de ,is s^cmi in eioss-scction and i.iieh weie nuclei seen near 
.1 \ leuole within the (ihei wheie.is in tet.imis sceeial e.icuoles with 
nuelei .it their edijes weie often sien m one lihei 

Detteiiei.itne eh iiutes sueh .is weie seen m tet.imis did not appear in 
these e\peiiments Iheie weie no iiheis m whieh the contiactile sub- 
stanee h.id been lepl iced b\ nuelei .md none m which it had degenerated 
to ,i homogeneous miss N'uelei deejil} situated within the fiheis were 
seen in both noim.il .ind conti.ieted nuisele m some cases in greater 
numbeis on the side of conti.ictuie m eitheis more on the noimal side 
Since the g.istroenenmis is a mixed muscle the led libeis could account 
‘'oi the aiiiK.ii.inee of nuelei in this ])osition In .i \ei\ few fibers 
obsened m the shoitened muscle .i small giou]i of fragmented oi 
shuinken nuclei w.is seen deejih situated 7 hese nuclei ma\ have 
iinaded the fiheis fiom outside oi thc\ ma\ ha\e been degenerating 
nuisele nuclei foi thew stained moie daikh than normal muscle nuclei 
7 his howeeei, oceuired in ,i eei\ small nuinbei of fiheis and was eeen 
seen once in noimal muscle, so it seems to ha\c little significance 

Theie was not a maiked mciease m muscle nuclei Some speci- 
mens showKcl no ineiease, otheis showed a slight mciease wath loss of 
ordeil) aiiangement wdieie the fibiils w'eie twisted Occasional groups 
of tw'o 01 three huge rounded nuclei overlapping one another were 
found in both shoitened and noimal muscle but more frequentl} on the 
side of contiacture In some instances these appeared to be situated in 
the fibei, but since the same type of rounded, lightly staining nuclei 
weie also seen outside of fibers and frequently associated with capil- 
laiies running across fibers, but leadih distinguishable from endothelial 
nuclei, it IS thought that the} may ha\e been the nuclei of connectne 
tissue wandeiing cells Distoition of the fiheis may ha\e caused these 
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nuclei to appeal as though they weie embedded in the fibei Thiee of 
this t}pe of nuclei aie illustiated m figuie 8 Two of them apped 
below the blanched capillaiy m the centei of the field and one aboie 
it Of the tw^o helow'^ the capillaiy, the loweimost one focuses in a 
highei plane than the one neaiest the capillaiy A thud elongated 
nucleus not m focus and just to the left of the two mentioned is moie 
deeply situated and seems to be a muscle nucleus Endothelial nuclei 
aie seen m both the uppei and low^ei blanches of the capillaiy In 
tw^o of the cats theie w'^as an inciease in the typical elongated muscle 
nuclei and an mciease in the nuclei of connective tissue wandeiing cell 
tj^pe m the legion of capillaiies Most of the lats showed onh an 
increase m this lattei type of nuclei without any disceinible difteience 
in numbei of muscle nuclei A few' shoit chains containing from thiee 
to eleven muscle nuclei weie piesent in both noimal and conti acted 
muscle They weie no moie numeious m the conti acted muscle than 
in the normal, and theiefoie cannot be consideied characteiistic of 
conti actuie oi essentially pathologic as they aie in myotonia atiophica, 
where there aie many chains and the nuclei in individual chains ma} 
numbei foity oi moie (Heidenham,-® Weil and Keschnei j®®) 

An mciease m connective tissue between fascicles oi between fibers 
was difficult to deteimme by difteiential staining w'lth van Gieson’s picro- 
fuchsin, or w'lth Mallory’s triple stain Compaiison of cross-sectional 
areas fiom the same parts of contracted and control muscles m lats 
showed no moie connective tissue on the side of contractuie than on 
the noimal (figures 5 and 6) The connective tissue in the specimens 
of cat and guinea-pig muscle diftered in appeal ance on the two sides 
In the shoitened muscle it stained deep pink with acid fuchsin, while in 
the noimal it was red The thin bands of connectne tissue sepaiating 
the fibei s of the shortened muscle seemed a little broader and less dense 
than the normal, in which they foimed a veiy shaip outline for the 
fibei s It seems possible that a change may have taken place m the 

character of the connective tissue w'lthout an actual increase m quantit} 
Another observation that would point to either an mciease in quantit} oi 
in tensile strength in the connective tissue w'as the difference betw'een 
the behavior of the shoitened muscle and the noimal dm mg the processes 
of preparation for staining When fiozen sections w'eie made foi fat 
staining both longitudinal and ci oss-sections of the muscles in con- 
ti actuie held togethei throughout the process of staining and mounting 
w'heieas the normal ones toie apart rei} easily and the separation 
occuiied between the fibers In paiaffin embedded blocks taken fiom 

29 Heidenham, J\I Ueber progressive Veranderungen der Aluskulatur bei 
Mjotoma atrophica, Beitr z path Anat u z allg Path 64 198, 1918 

30 Weil, A and Keschner, !M Ein Beitrag zur Khnik und Pathologic der 
Djstrophia mjotonica, Ztschr f d ges \eurol u Ps\chiat 108 687, 1927 
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the same gastiocnemu as the blocks foi fiozen sections, shortened 
muscles cut moie easily and did not hare a tendency to shattei like the 
normal ones Both shortened and contiol muscles leceived exactly the 
same treatment throughout fixation, embedding and staining 

The difference m cutting of the paraffin sections might also be due 
to changes m the muscle fibeis which rvould pi event the shoitened 
muscles from hardening so much in dehydiation and embedding as the 
noimal ones A compaiison of the lelative amounts of rvater in short- 
ened and normal muscles was not made in this series of experiments 
Lipschutz and Andorra and Audova found that the relative amount 
of rvatei m the rabbit’s gastiocnemms was greater after the achilles 
tendon had been cut oi aftei nene section than in normal muscle 
The atroph} which was indicated by loss of weight was not apparent 
microscopicail}'^ unless the lightei staining centeis of some fibeis near 
the tendon be coiisideied early atiophy tliough the}'- have been seen 
m tetanus muscle rvheie there was no loss of weight Buzzaid and 
Gieenfield illustiate similar fibers in early degeneiation of muscles in 
amrotiophic lateral scleiosis, contiasting them rvith advanced atrophy 
m the same disease wheie many fibers have shrunken m size and others 
hare been leplaced b}'^ fibious connective tissue Fioboese**^ found that 
gastiocnemius muscle undeigomg atiophy as a lesult of being inactnated 
foi fiom three to five weeks in the leiaxed state by plaster bandages, 
showed an mciease m nuclei, in connectne tissue, and, in high giade 
cases (foni to five ueeks m plastei cast) a typical fatly degeneiation 
with definite disapjieaiance of muscle fibeis Since his piepaiations were 
in plaster bandages, theie may have been mteifeience with cn dilation 
which pioducecl some of the alteration The duiation of his expen- 
ments was also longer than otiis In our preparations theie was only 
a slight mciease m the numbei of muscle nuclei in some of the ainnnls, 
no appaient difference m otheis and no mciease m connective tissue 
Since the fibiils in the shoitened muscles were not so tightl}" packe 
together as noimal and the Cohnheim’s areas moie prominent it seems 
possdiie that theie might have been a thinning out of the fibnUar su) 
stance m all of the fibers 

The cats and gumea-pigs showed a somewhat difteient picture fio^^' 

the rats, of both noimal and shortened muscle, m that there ^ 

There 

greatei difference m the size of fibers m the same specimen 
weie numeious small fibers scatteied among the laiger ones thiougi 
the cioss-sections In the shortened muscle these small fibers rc am 

31 Lipschutz, A. , and Audova, A Comparative Atrophv of 

After Cutting the Nerve and After Cutting the Tendon, J Phj'siol 55 , c. stem 

32 Buzzard, E F, and Greenfield, J G Patholog) of the Nenons o 

London, Constable, 1921, p 275 )„e, 

33 Froboese, C Histologische Befunde zur Tbeone der 
^htt a d Grenzgeb d iled u Chir 35 683, 1922 
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then angulai outlineb and seemed to be crushed between the larger 
fibeis which had mci eased m size o\ei the noimal and presented a 
lounded outline Figuie 7 shows the difterence in size and shape ot 
the fibers in cat muscle in contiactuie As stained with ran Gieson’s 
stain, most of the small angulai fibeis m noimal and the small flattened 
ones in contracted muscle weie somewhat darker yellow Alkaline 
Sudan III as used by Ewald and lecommended by Denm -Brorrn 
foi the stud} ot pale and opaque fibers was used on frozen sections 
of the same muscles to find out whethei the flattened fibers weie red 
fibeis This stain colors gianules in the muscle fibers led and the 
lemaindei of the muscle substance a veir light pinkish oiange The 
flattened fibers on the side of contiactuie were rich in red granules and 
stained darkei than the laige rounded fibers m the same specimens 
Since these flattened fibeis stained m the manner characteristic of red 
fibeis with Sudan III as well as with the usual stains employed foi 
muscle then identification as such seemed lustified The leason foi 
then failuie to swell and maintain a more neaih crlmdiic form as the 
pale ones did in the contracted muscles is not apparent 

No fatt} degeneiation or increase m tat between the fibeis could 
be demonstrated with fat stains 

Though no senes of expenments w^as earned out wuth the intention 
of m\estigating the possihilit} ot reco\er\ it w'as noted that the thiee 
lats that w^eie allowed to Ine toit\-foui da\s after tenotoni} had 
lecoveied function m their legs Two of them w^eie able to walk 
quite noimally, laising then ankles well ott the floor and weie able 
to push back wnth considerable foice against a fingei placed behind 
the toes The third rat w'as able to raise the ankle fiom the flooi but 
not quite so high as the other tw'o and w-as not able to push back wuth 
the toes wnth as much force as the otheis The shortening of the 
gastiocnemius in the fiist tw'o was 6 and 13 per cent, while it was 
19 per cent m the thud All thiee had deA eloped new functioning 
tendons formed b} connective tissue filling in the space between the 
cut ends of the old tendon A similai growth of connectne tissue 
betw'een the cut ends of the tendo achilhs in dogs has been described 
b} Fiantz, Stout and Clarke"*’ In these dogs onh the skin wound was 
sutuied Function was partial!} lestored when the connectne tissue 
giowth had foimed a stiong enough bond between the ends of the 

34 Ewald W Ueber belle unci trube iluskelfaseni bei Wirbeltieren und 
beim IMenschen, Abhand! Scnckenberg Xat Ges Frankfort-on-Main, 31 109 
1912 

35 Benin -Brown D The Histological Features of Striped Muscle in Rela- 
tion to Its Functional Vctnitc Proc Ro\ Soc Series P. 104 371 1929 

36 Frant? V K Stout A P and Clarke A C Surgical Patliologc, in 
Nelson’s Looseleaf Surgerc New York Thomas Nelson & Sons \ol I, chapter 

p 301 
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tendon Sections weie made to deteimine the natine of the tissue fill- 
ing the gap in the tendon, but no inicioscopic study of the muscle nas 
1 epoi ted 

The histologic pictuie of the lat’s gasti ocnemius that ^^as on!) 6 pei 
cent shoitci than its fellow of the opposite side was essentially noriinl, 
that of the othei two showed onl)^ a few of the changes seen in material 
taken a shoitei time aftei tenotoiu) As would be expected with 13 pei 
cent and 19 pei cent shoitening, cioss-sections showed that the fibers 
of the muscle rhat had been in contiactuie w^eie laigei than those of the 
unopeiated leg Theie was no mottled staining, no loss of alineraeiit 
of m 3 ofibiils and only a few^ w^avy fibeis The chief laiiation fioin 
noimal in these muscles w’^as a nanownng of the J bands in some of the 
fibers gning a ^ely fine striation Some fibeis m the sections had 
normal spacmgs of the bands 

Ranson and Ranson earned out a senes of expeiiinents to detei- 
mine the extent to wdnch muscles may leco^er from tetanus contiacture 
The) pioduced local tetanus by injection of a sublethal dose of tetanus 
toxin into one hind limb of lats paiied by weight and age One of 
each pan w^as killed at the height of contiactuie (se\en to thirteen 
da}s after injection) and the othei allow^ed to live until function 
letuined (fifty-six to one hunched and ten days) All of those killed 
at the height of contiactuie show'ed the typical pictuie of tetanus con- 
tracture wdule those m wRich the function had letuined to normal had 
a normal histologic pictuie, showung clear cioss-stnation, no nuclear 
changes, and no apparent mciease in fibrous connective tissue The 
absence of maiked changes m the rats that had legained function tollow- 
ing tenotomy, togethei wnth the lecoveiy fiom tetanus just described, 
appears to give some suppoit to the idea that the changes seen m the 
muscle after tenotomy are not irrepaiable and that with reestablishment 
of continuity in the tendon and a return of function the structiue ot 
the muscle may also become noimal This, howler ei, lecjuires turtier 
investigation 


COMMENT 

A comparison of the contiacture caused by tenotomy wkh 
caused by tetanus toxin leveals several changes common to boti 
a few that aie not The size and shape of the shortened 
the same in both Inci eased vascularity chaiacteristic of tetanus 
m gloss aspect was absent m the muscles contracted following ^ 
The amount of shortening in the tw^o contiactmes was similar 
tenotomy series, the gastrocnemius w'^as completely freed from 
by section of the achilles tendon, so that it was fiee to draw up 
lestraint In tetanus contiacture, how^ever, the muscle was 


Recoier\ from Miostatic 




37 Ranson, Stephen and Ranson, S W „„ 

tracture Caused bv Tetanus To\jn Arch Path 7 949 (June) 
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from the tension of antagonistic muscles by section of the patellai 
tendon Ne\ertheless, it pulled against the achilles tendon and became 
as shoit and thick as the otherwise normal muscles of the tenotomy 
senes that had been completely freed by section of the achilles tendon 

No atioph} was shown by a loss of weight m tetanus, but after 
tenotomy theie was a 20 per cent loss In making this comparison it 
must be lemembered that the length of time that elapsed in the two 
series of expeiiments was difteient, for the animals with contracture 
from tetanus were killed in from five to eight days, while the 
shortest period aftei tenotomy was sixteen days Ranson and Ranson 
found some atroph)'^ even after lecoveiy from tetanus contracture m 
fifty-six to one hundred and ten days, but not in the se\en to thirteen 
da)'^ peiiod m which their controls were killed 

Mottled staining was common to both contractures but occurred in 
gi eater extremes m tetanus, for there the beginning degeneration of 
the contractile substance added to the contrast in the affinity of the 
different parts of the fibers for the stains In tetanus, the homogeneous 
masses in some of the fibers stained rery dark, but contracture follow- 
ing tenotomy produced few legions that stained darker than noimal, 
and none of these were the result of degeneration such as was seen 
in tetanus 

The variations m ratio between the width of isotropic and aniso- 
tropic bands were similar in both contractuies How’^ever, stretched 
areas, where the J bands had increased to twice their normal width and 
adjoining portions of fibers where the Q bands had approached so close 
as to nearly obscure the / bands, w'ere present in tetanus contracture 
and absent m that following tenotomy 

Nuclear aggregations which replaced the contractile substance in 
poitions of the sarcolemma tube were found in tetanus but not after 
tenotomy This is not surprising, for the introduction of a toxin or 
other foreign substance might be expected to cause some degeneration 
even in a short period Forbus found similar replacement of con- 
tractile substance by nuclei in the rectus abdominis muscles in patients 
WMth pneumonia and in degeneration experimentally produced b\ the 
injection of phenol, alcohol or boiling water Wisbaum observed it in 
the psoas and quadriceps in a fatal case of tetanus complicated by 
pneumonia Degeneration of poitions of the contractile substance into 
homogeneous or granular masses w^as not present after tenotomy 

38 Forbus, W D Pathologic Changes in Voluntarj Muscle I Degeneration 
and Regeneration of Abdominis Rectus in Pneumonia Arch Path 2 318 fSept) 
1926, II Experimental Studj" of Degeneration and Regeneration of Striated 
Muscle with Vital Stains ibid 2 486 (Sept) 1926 

39 Wisbaum, K Histopathologische Ner\en- und Muskeluntersuchungen 
eines Tetanusfalles, Deutsche Ztschr f Xer\enheilk 80 75, 1923 
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Connective tissue was not deinonstiabl) inci eased in either con- 
tracture, though nuclei of the wandeiing cell t}pe weie more plentiful 
in both 

Both contractuies had a slight inciease in number of muscle nuclei 
in scattered fibeis, but it was not maiked in eithei In tetanus and 
after tenotomy, the nuclei m some but not in all specimens appeared a 
little swollen and stained a little less intensely than normal with 
hematoxylin 

No difteience in the shape of red fibeis was obseived in rats in 
eithei tetanus contiactuie oi in that aftei tenotomy Since neither cats 
noi guinea-pigs weie used in the stud} of tetanus it is not known 
whether the inability of the led fibeis to letain then cyhndiic forms 
against the swelling of the pale fibeis is characteristic of contracture or 
peculiar to contractuie aftei tenotoni} m these animals 

None of the changes desciibed account foi the inability of these 
muscles to relax from the shortened state that is to say, it is not 
evident why the loss of regulai tiansieise striation should be associated 
uitn a shortening of the muscle fibeis 

SUMMARY 

Myostatic contiactuies pioduced in two difteient wars f by tetanus 
toxin and by tenotomy) bare the following histologic alterations m 
common (1) increase in diameter of fibers, (2) moie pronounced 
longitudinal flbnllation (3) binned ci oss-sti rations , (4) dissociation 
of membianes holding m}ofibiils in ahnement, (5) wary contour m 
some of the fibers, (6) light and dark irregularly outlined bands across 
some of the fibers, due, in pait, to loss of affinity for stains in parts of 
the fibeis, (7) increase in nuclei of wandering cell type, (8) slight 
increase in muscle nuclei in scatter ed fibeis, (9) no mciease in coiiiiec 
tive tissue that can be demonstiated histologically and (10) a 
irregular histologic picture with the laiious changes occiiiimg side 
side 111 the same or adjacent fibeis 

Myostatic contracture due to tenotomy chffeis from that causec 
tetanus toxin m the following ways 

1 The increased vascularity of tetanus muscle is not present m 

contracture due to tenotomy r.gj. 

2 There is a 20 per cent loss of weight in the 
tenotomy, but no atrophy in tetanus in the period required to pr 

contiacture, i e, from five to eight days frictde 

3 Degeneiative changes consisting of disintegiation o 

substance m some fibeis and rejilacement of contractile jn 

aggregations of nuclei within the sai colemma in otheis aie pi 
tetanus contiacture but not in that due to tenotomi 



PERIOSTEAL LIPOMA 


REPORT OF T\\ O C \SES ^ 

EDWIN I B\RTLETT MD 

SAN FRANCISCO 

ITalignant tumois arising from the periosteum or from structures 
immediate!} adjacent to the periosteum and growing out aA\a} from the 
bone w'lthout erosion of the bone cortex or inAasion of the medullari 
cavit} haAC been desciibed b} Ewmg^ and Codman - At present these 
tumors are included among the bone tumors m the classification adopted 
b} the Sarcoma Committee of the American College of Surgeons under 
the heading of periosteal fibrosarcoma Since the publication of the 
classification of the Bone Sarcoma Committee much discussion has 
arisen as to whether these tumois rightl} belong with bone tumors 
because the} seem to have no tendenc} to iniohe the bone and because 
there is no proof that the} arise from bone structures 

M} purpose in this article is to report two cases of benign tumor 
wdiich seem to bear the same relationship to bone m that the} seem to 
ha\e del eloped from the outer la}ers of the periosteum or the structures 
immediately adjacent to the periosteum 

REPORT OF CASES 

Case 1 — S, a white boj, aged 7, was admitted to the Unnersiti ot 
California Hospital on Tub 10, 1919, A\ith a historj of tumor of the lett arm ot 
about file a ears’ duration that had gradualh increased in size He first came 
under obseriation about twenti dais before admission to the hospital because ot 
a supracondj lar fracture of the opposite or right humerus The tumor w as 
located on the front of the arm just aboAe the elbow There was no complaint ot 
pain, tenderness, redness of the skin, etc , no limitation of motion in the elbow 
joint no swelling of the limb below the elbow and no anesthesias or atrophies 
below the elbow 

E\amination showed a rather firm elastic tumor on the \entral aspect ot the 
left arm just abOAe the elbow The mass measured 10 bj 12 cm m its greatest 
and narrowest diameters The o\erl\ing skin was normal but seemed to be 
firmh adherent to the growth Lateral mobiliti of the tumor A\as moderateh iree 
but moAement in the longitudinal axis ot the limb aabs practicalh ml Roentgeno- 
grams (figs 1 and 2) shoAAcd an apparenth encapsulated groAith hing inimediateh 

Submitted for publication, April 2 1930 

’’'From the Department of SurgerA LTniAersitA of California 

1 EiAing Tames ReAieAA of Classification ot Bone Sarcoma Arch Surg 4 
485 (MaA) 1922 

2 Codman E A Bone Sarcoma Xcaa A'ork Paul B Hocbcr 1925 p 5 
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against the bone but not eiocbng it or causing pressure atrophy There was a 
question of slight change in shape, that is, a hollowing out of the ventral surface 
of the humerus The tumor did not seem to be lobulated, but show'ed fanlike, 
radiating markings in the anterioposterior view This phenomenon was lacking 
m the lateral view, which showed rather a mottling and an indefinite trabeculation 



Fig 1 — Lipoma lying against the anterior surface of the humerus Lote 
smooth outline, the slight mottling and the saddle-hke relationship v>t' 
humerus , also the lack of erosion of bone and of thinning of cortex 


Under a tentatne clinical diagnosis of ganglion or bursa, the 
explored on July 11, 1919 The skin was split over the tumor in the longi 
axis of the limb It was necessary to split the biceps muscle m or er 
the tumor, which lay immediately beneath this muscle and against tie 
overlapped on both sides of the bone and came level w ith or shg it ' 
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the posterior surface of the humerus There was a definite, tough capsule, and the 
tumor shelled out readily on all sides except where it came in contact with the 
\entral surface of the bone Here it was adherent for a distance of from 6 to 
8 cm up to the shaft from the elbow joint over an area from 2 to 3 cm wide 
Sharp dissection was required throughout this area for separation of the tumor 



Fig 2 — Lipoma of the bone on the anterior surface of the humerus Note 
the trabeculation and the fanhke arrangement of the fibrous tissue 

from the bone After remoeal of tbe growth there seemed to be a much thickened 
periosteum remaining, as if a portion of the tumor capsule had been left behind 
Inspection of the mass, ho\\e%er, pro\ed that the capsule was intact at all points, 
but that the tumor was deeph groo\ed b^ the humerus The wound was closed 
tight and healing b^ primar\ union took place 
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Ihe patient was discharged from the hospital seven ciaNS after tiie operation 
Ihe ultimate recovery was complete without impairment of the motor or sensory 
functions and with full motion in the elbow' ;oint There has been no recurrence 
The pathologic report described a sliarply encapsulated, slighlh iobulated tumor 
the cut surtacc of w'hich was rellow’ish w’hite, suggesting a large fat content 
Microscopic sections show'cd typical adult, fath tissue interspersed wuth rather 
frequent hcasc strands of connective tissue The final diagnosis wns fibrohponia 
CvsE i — F h, a white bov, aged 6 was admitted to the Universih ot Cali- 
tornia Hospital on -Vjinl 11, 1927, with a historc of gradual, uniform enlarge- 
ment ot the ke below’ the light knee for three rears with rapid derelopment of a 
definite mass during the last fire or si\ months No pain, tenderness, redness or 
discoloration ol tire skin, no limping and no impairment of the patients genera! 
health w'cie noted Thcic rras no historr of illness. e\eept the usual childrens 
diseases and occasional colds The height, rr eight and nieiitahtr rrere normal 
The left kg shorved a general bulg.ng jusl below' the knee, and a tumor mass 
could be felt estimated to he about 18 hj 10 cm m st<ce and apparenth' hing m 
the midst of the muscle of liie calf Thcic rras no redness of the skm but the 
subcutaneous reins weie moderatcK dilated orcr lire tumo'', and there was some 
dilatation of the reins as high up as the giom The tumor rvas of firm con- 
sistency, not fluctuant and not bonr iiard It could be demonstrated as hing 
posterior to the tibia and fibula and largely to the tibial side The patient could 
more all of the joints of this limb, including those of the toes Theie rrere no 
swellings of the leg or foot and no sensorv changes AH laboratory tests gare 
normal results, including tests of (he urine and stool, complete blood tests and 
\\ assermann examinations of the blood Roentgenograms (figs 3, 4 and S) 
showed a sharply hunted and appaiently encapsulated mass lying firnilr agamst 
the posterior surface of the tibia and causing considerable borvmg forrvard of that 
bone, together rvith pressure atrophr ot a small area in the cortex of the fibula 
There were typical trabeculations and suggestive lobulations There rvas no 
evidence of erosion or tlnnnmg of the cortex of the tibia The epiphrses of >ot' 
leg bones rrere normal r 

Under a clinical diagnosis of fibrohpoma, the tumor rvas explored on 
1927 It rras found to be a firm, rvcll encapsulated, Iobulated tumor lying between 
the gastrocnemius muscles and the bones The tumor could be reached best 
lateral retraction of the gastrocnemius muscles It shelled out fairly 
rvhere it came in contiact with the posterior surface of the tibia Here it la 
be peeled oft of the bone, mostly bv sharp dissection After removal of the 
the periosteum of the tibia was still intact and seemingly ^ 

suggesting that a part of the capsule of the tumor had been left behm , 
inspection of the tumor showed that the capsule everywhere was intact 
rvas negligible, and the wound w'as dosed without drainage 

The postoperative course was uneventful, except for some srve mg o 
belorv the wound and the foiination of an hematoma The latter rvas 
the wound healed completely by the twelfth day The patient rvas isci 
rvell and able to walk on April 30, that is, fourteen days after operation 

qnently there has been no recurrence mcasiir- 

The gross specimen showed a Iobulated, bosselated, encapsulatec m ^ 
mg 8 bv 9 cm in greatest and shortest diameters The cut sur ^^^5 

rellorvish appearance of fat, and on macroscopic examination the -(Ul!! 

that it W’as a lipoma Sections shorved the adult type of fat ce Is \us 

a great many rather heary sheets of dense fibrous tissue The na 
fibrohpoma 
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Fig 5 — LiiX)ma of bone against the posterior sunacc oi tibia “^hown in 
oblique mcw Note the depression on the surtace oi the fibula Tbs was 
erronecush interpreted betore operation as atropln ol bout, throudi pressure o- 
erosion It pro\ed to be a saucer-like depression and the cortex was not thinned 
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COMMENT 


The foiegoing cases piesentecl some difficulties in making a positive 
clinical diagnosis The hist tumoi was enoneoiisly suspected of being a 
bursa of some soit, because the x-ray picture was the first one of its type 
the authoi had encountei ed Malignancy was not considered because of 
the large sire of the giowth, the intact peiiosteum, the very sharp limits 
of the tumoi and the noimal condition of the overlying skin and soft 
paits At opeiation the tumoi capsule and periosteum merged together 
so completely that theie was no line of cleavage The tumor had to 
be sepal ated fiom the bone by' sliaip dissection, what seemed to be the 
outei layeis of the thickened peiiosteum being taken with the tumor 
The close blending of the peiiosteum and tumoi capsule is not easily 
explainable on the basis of contact alone, and theie weie no fascial 
planes at this point fiom which the tumoi could originate 

The second tumoi was clinically' diagnosed lipoma because of the 
similaiity between its x-iay pictuie and that in the first case The 
charactei istics in common between the two pictures which pointed to 
a diagnosis of lipoma w'eie the peculiai foim of tiabeculation, the verv 
shaip limits and the tendency to altei the shape of the bone by pressuie 
without ei osion oi bone ati ophy The second case showed w'hat seemed 
to be an ei osion of the fibula, and this caused some doubt legaiding the 
actual benignancy of the giow'th The lest of the picture, however, was 
so ovei whelmingly suggestne of benignancy that the aiea of seeming 
ei osion was disiegaided as piobably aitefact This w'as explained at 
operation, w'hen it was discovered that the flattening of the cortex of 
the normal fibula caused a shallow, saucer-like depression to lesemble 
ei osion when viewed tangentially Again the tumoi capsule had to he 
separated from the periosteum by sharp dissection, but in this case 
there were fascial planes from which the tumor might have arisen 
Still the total lack of lines of cleavage betw'een the capsule and the 


periosteum ivas unexplained 

One would not be justified perhaps in contending that these tumors 
be called periosteal lipoma oi that tumors of this sort should be me u ec^ 
under the classification of tumoi s of the bone On the other ban 
might not be wholly illogical to look on tumors of this sort as beoUt,^ 
ing to a group that constitutes the benign counterpart of a ma igi’3 
group to which the so-called periosteal fibrosarcoma belongs 



THE EFFECT OF PERICARDIOSTOMY ON THE 
MECHANICS OF THE CIRCULATION ^ 

CLAUDE S BECK, MD 

AND 

WILLIAM V COX, MD 

CLEVELAND 

Since the time when Billroth characterized the operation of tapping 
the pericardium as “a surgical fnvohfy and a prostitution of surgical 
skill,” the pericardium has assumed a more important place m surgery 
The pericardial cavit}'- has been aspirated for fluid, and it has been 
incised for pus It has been opened for the suture of cardiac wounds, 
for the removal of foreign bodies and for relief from vahular stenoses 
The pericardium has been excised when involved by neoplasms It 
has been excised, sometimes with the precordial ribs, for adhesive 
pericarditis and for cardiac hypertrophy It is apparent that the peri- 
cardium has entered the domain of surger}'- for numerous reasons, and 
we believe that a fuller appreciation of its pathologic physiolog} will 
give it a place of even greater importance than it has held in the past 
Despite the notable progress that has been made along these \arious 
lines of endeavor, we have been unable to find, even after an extensne 
review of the literature, any experimental study of the secondar} effects 
on the mechanics of the circulation brought about by exposing the heart 
to atmospheric pressuie The only reference that could be found was 
in an article on experimental pericarditis b} Shipley and Honne,^ in 
which the following interesting statement appeared “Because the pres- 
sure everywhere within the thorax, except m the lung itself, is lower 
than atmosphere, one’s curiosity is raised as to the eftect of atmospheric 
pressure on the heait after pencardiotoiu} Ceitainly the function of 
the wall of the chest is to maintain a negatne pressure within the thorax 
and It IS not unreasonable to suspect that the heart ma} be disturbed 
b}' exposure to atmospheiic pressure” 

This paper is based on experiments carried out to determine what 
eftects on the mechanics of the circulation were produced b\ exposure 
of the heait to atmospheric pressure 

Submitted for publication, April 7, 1930 
'’'Erom the Laboratory of Surgical Research the Lakeside Hospital and the 
A estern Reserye Uniyersity School of Medicine 

Read before the Physiological Section ot the Federation oi American Society 
for E\perimental Biology, Chicago, March 27 1930 

1 Shipley, A M , and Horine, C F Experimental Pericarditis Arch Surg 
18 386 (Jan ) 1929 
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METHOD 

The determinations that we considered impoitant in a stud} of this 
pioblem \\eie aiteiial piessure, ^enous pressure and cardiac output 


The method of determining cardiac output was b\ means of the Pick principle 
Before a dog was used for experimentation, lie w'as trained to lie quieth on a 
table for long periods of time Male dogs were selected because the pulse rate oi 
the male is more stable than that of the female After a prehminarr period oi 
quiet a rubber mask, devised b\ Blalock, 2 w'as placed o\er the nose and mouth 
and this w'as connected to the Benedict spirometer The oxjgen consumption per 
minute, reduced to standard conditions of temperature and pressure, was deter- 
mined b} taking the a\erage of a six minute curee Samples of blood were then 
drawn under oil from the right and left \cntricles The skin and the pleura were 
usual!} infiltrated wuth a few' drops of procaine In drochloride The oxegen con- 
tent of 1 cc of these specimens was determined immediate!} b} means of the Van 
Shke-Neill3 manometric apparatus These specimens were anal} zed in duplicate 
and if the variation in pressure readings exceeded 015 mm of raercurr, either 
another set of determinations in duplicate was taken or the specimens were dis- 
carded 

According to the Pick formula 


Cubic centimeters of 0„ consumed per minute 
Amount of taken up b} 1 cc ot blood in 
passing through the lungs 


Cubic centimeters of 
blood passing through 
the lungs per minute 


This may be expressed as follows The ox}gen consumption per minute in cubic 
centimeters divided b} the difference in ox}gen content of 1 cc of arterial blood 
and 1 cc of \enous blood equals the amount of blood in cubic centimeters put out 
by the heait per minute 


The foregoing principle and method hat e been used foi much experi- 
mental tvork in the last few } ears If the determinations are done under 
satisfactort' conditions, the lesults tvill agree tvith surpiising accuiact 
within a taiiation of 10 pei cent^ Occasional!} a tvide detiation m 
results IS obtained, but this is due either to a mixtuie of tentriciiar 
blood 01 to the fact that the dog has not maintained lus basal lete 
The dog does not possess an area on the thoracic wall in 
w'lth the peiicardium similar to the "tuangle of safet} m the 
being, wdiich was desciibed by Vomitsch-Sianojentzk} “ To open 
pericardium without opening the chest, it was necessarx to suture^^^^^ 
peiicardium to the thoracic wall as a piehmmar} step before ope 
It to atmospheiic pressuie (figs 1 and 2) 


2 Blalock, A Rubber Mask for Determination of Oxxgeii Consump 

Dog J Lab & Clin Med 12 378 (Jan ) 1927 , 

3 Van Slyke, Donald D , and Neill, James ll The Determmatio 
in Blood and Other Solutions by Vacuum Extraction and klanoine ric 

ment I, J Biol Chem 61 523, 1924 ^ j^ni 1 

4 Marshall, E K, Jr Studies on the Cardiac Output o t le 

Physiol 77 459 1926 p.offnuiw de^ Herz 

5 Voinitsch-Sianojentzk}, A Die Operationen der 151^380 IS*^^ 
beutels, und ihre anatomischen Grundlagen Arch f path Anat 




Fig 1 — The pericardium had been attached to the thoracic wall and the 
pericardial cavity opened to the exterior The drawing shows a portion of the 
thoracic w'all and the pericardium bisected 
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Fig 2— The pencardiostonw as ':een from the exterior 
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Fig 3 — Graph showing the arterial and venous pressures before the 

pericardial cavity to the atmosphere When the pericardial cavity ^vas i ’ 
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pressure fell from 20 to 30 mm of mercur\ and the ^enous pressure rose The fluctuations in 
arternl pressure occurred e\hen the opening into the pericardial caMt\ was partialh obstructed 
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BLOOD PRESSURE DETERMINATIONS 

Explrimem 1 — On Aug 24, 1929, a mongrel bull-clog, weighing 216 Kg 
was anesthetized with ether Three inches (7 6 cm) of the left fifth nb were 
resected, and the pericardium was sccurelj sutured to the thoracic wall over an 
area about 4 cm in diameter The muscle, subcutaneous tissue and skill w-ere 
approximated with silk sutures 

On September 19, the dog w'as in good condition The wound had healed 

On Novcmbei 8, 1 Gm of sodium /m-amj lethylbarbiturate (amytal) was 
injected intracenously for anesthesia The left femoral artery was cannulated and 
connected to a mtrcurj manometer The left jugular vein w'as cannulated close to 



Fig 4 — When the pericardial cavity w'as opened to atmospheric 
arterial pressure fell 10 mm of mercury, and after twenty-eight seconds regan 
its former level There w'as a sustained rise in the venous pressure 


Its junction with the innominate and connec ed to a RIarey tambour TraciHo 
arterial and venous pressures w'cre obtained ^1 

The scar over the left fifth nb w'as incised, and the pericardium w’as 
When the pericardium w'as opened, an immediate fall in arterial pressure 
rise in venous pressure took place (fig 3) The fall in arterial pressure 
from 20 to 30 mm of mercury These pressure changes w'cre 
egress and ingress of air in the pencard'al cavity w'cre demonstratab e, ^ 
this passage of air w’as obstructed by placing the soft tissues m the {l,i, 

pericardium the arterial pressure fell still further Within a few sec 
arterial pressure sw’ung to a higher level and then fell again 
The foregoing experiment wms lepeated 
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Experiment 2 — On June 6, 1929, a dog weighing 21 Kg was anesthetized with 
ether, and the pencarduim was sutured to the thoracic wall 

On August 26, under ether anesthesia, a femoral arterj and a jugular Aein 
w’cre cannuJated, and pressure determinations w’ere taken The pericardium was 
then opened to atmospheric pressure There occurred immediateK a slight but 
definite fall in arterial pressure and a rise in venous pressure 

Experiment 3 — On June 28, 1929, the pericardium was sutured to the thoracic 
wall, and subsequently the cavitj was opened to atmospheric pressure The dog 
was utilized for a long series of cardiac output determinations (see suceeeding 
material) 

The pericardiostomy wound healed, and the pericardial caMt\ became sealed 
from atmospheric pressure Under ethvl carbamate anesthesia, the left femoral 



Tig 5 — The positive atmospheric pressure within the pericardial ca\!t\ and 
the negative pressure within the pleural space produced some dd it.itiun ot the 
pericardial caMU The latter is more capacious than normal 

artcr\ and the left jugular \em were cannulaled The former vas connected to 
a merciire manometer and the latter to a MTrc\ tambour Pressure tracings were 
taken The thoracic scar was incised and the pericardial ca\it\ was opened to 
atmospheric pressure As soon as air entered the pericardial ca\it\, the arteri il 
pressure fell and the aenous pressure rose (fig 4) The fall m arterial pre-sure 
measured about 10 mm ot mercurx and was transient, the pressure regaining iis 
lormcr lead m taaenta -eight seconds The rise in aenous pressure aaas siivtaiiied 
kt nccropsa the pericardial caaita aaas defmitela more c ipacious thin normal 
It aaas increased m its transaerse diameter and it extended superiorh naer tlie 
great aessels at the base ot the heart producing a condition similar to the dd it > 
tioii that occurs in casts en pericardial cfTu-.ion (fig 5) 
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Experiment 4 — On June 7, 1929, the dog weighed 24 Kg The first stage 
operation was earned out under ether anesthesia 

On June 28, arterial and venous pressure determinations were made under 
eth}'! carbamate anesthesia ^Vhen the pericardium was opened to atmospheric 
pressure, the arterial pressure fell 20 mm of mercurj and the venous pressure 
shghth but definitel} increased The arterial pressure regained its former level in 
twent^ seconds , the venous pressure remained elevated throughout the experiment 
The dog wai, killed 


COMMEA'T 


It 3s ajiparent from the pieceding experiments that when the peri- 
cardial caMt^ was opened to atmospheric pressure, a fall in arterial 
piessure and a use in ^enotls pressure occurred These pressure changes 
Mere alwats definite In one experiment the fall m aiterial pressure 
was slight measuiing from 6. to 8 mm of mercun In another experi- 
ment a fall of 10 mm occuned, and this fall m piessure persisted 
twent} -eight seconds before the formei level was regained (fig 4) In 
another experiment the fall m arterial piessuie measured from 20 to 30 
mm of mercur}, and this pressure change was sustained throughout 
the expeiinient (fig 3) When the opening into the pericardial caviti 
was closed b} placing soft tissues into it. fluctuation in pressure occurred 
This fluctuation was probably i elated to changes in intrapericardial 
pressure hi ought about b} respiiation but these changes did not seem 
to s\ nchronize w ith the respiiatoiy cycle In each experiment the venous 
pressuie showed a definite inciease wdien the pericardium wms opened, 
and the use was maintained thioughout the experiment 

The explanation of these pressuie changes is apparent As the 
peiicaidiuin is a collapsible stiuctuie it leadily vields to the mtiathoracic 
pressure changes that accompany inspiration and expiration The nitra^ 
peiicardial piessure. theiefoie, ma} be assumed to be the 
mtiathoracic piessuie These recuiiing pressuie changes (from 
mm at the end of quiet inspiiation to — 3 02 mm of 
the end of expiiation play an important role in the filling o 
heart Because of the negative pressure m the thoiax the 


the great veins at the base of the heart is veiy low 


According 

Burton-Opitz," the pressuie m the superioi vena cava near the aur 
in the dog was — ^2 96 mm of mercun ^ 

^^^^en the pericardium is opened to the atmosphere the 
intrapeiicaidial pressure is changed to the positive atmospheric pr 
This increased intrapericardial pressure expresses itself m 
It has a dilating effect on the pericardium and increases 
cavatv in a manner similar to that produced bv pericar la ^ 

It also exerts a compression effect on all intrapericar la 

6 Aron, quoted bv Howell Phvsiologv Philadelphia, A B S 

pam 1915, p 659 og 1903 

7 Burton-Opitz, R Venous Pressures Am J Phvsiol 
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including the ventricles, the auricles and the gieat arteries and ^elns 
Of these structures, the intrapencardial portions of the superioi and 
infenoi venae cavae carrj the least pressuie, and presumably it is on 
these great veins that the compression effect of atmospheric piessure is 
relatively the greatest Fiom a consideiation of the usual negatne 
pressuie existing within the venae ca\ae i e the poition vithin the 
pericardial cavity, one would expect collapse ot the gieat ^ems This 
however, is undoubtedly prevented the immediate accumulation of 
blood in the great veins assembling a tiansmitted piessuie lioni the 
periphery This pressuie is sufficient to diive the blood into the heait 
against the positive atmospheric piessuie within the peiicaidium 

The piessuie changes obtained m the foregoing expeiiments sug- 
gest that an increase m the lenous pressuie is necessan to o\eicome the 
positive intrapericaidial piessuie of the atmospheie The slight decieasc 
in aiteiial pressure indicates that this positne atmospheiic piessuie 


Table 1 — Caidwc OutNif Dcio minatwiis ut E\Nii>»c»t 5 



0\j gen 
Consump 
tion, 

Cc per 
Minute 

Oxygen Content, 
per Cent by Volume, 

1 Cc of Blood 

< , 

Arterial Venous 

Arterial 
\ enous 
Differ 
cnce 

Cardiac 
Output,* 
Cc per 
Minute 

Pulse 

Rate 

Before opening pericardium 

87 4 

20 80 

10 03 

3 87 

2 fas 

114 

After opening pericardium 

SS9 

21 48 

15 S5 

5 03 

l,'>7a 

10’ 


* The fall in the cardiac output >0 per cent 


constitutes a handicap to the caidiac function This is In ought about 
chiefly b)'’ the impairment to the filling of the heait although the 
diiect pressuie inciement on the ventricles and auricles mai also lie a 
factor The problem was studied furthei hi caidiac output deteimina- 
tions taken befoie and after the pericardial ca\it\ was opened to the 
atmosphere 


CARDIAC OUTPLT DEI ERM IN ATION S 

ExpruiMENT 5 — On Sept 5 1929, a male moncrrel dopr wciglnng 11 Ksi \\t‘- 
anesthetized with ether and the pericardium was sutured to the left thoracic w ill 
as described m preceding cNpenments 

On October 24, under soduiin iro-aim leth\ Ibarbitiiratc anesthesia the kit 
femoral arter\ and the left jugular aem were cannulated and attached to a mercur\ 
manometer and a Marc^ tambour, respectueh An o\igen consumption cur\c and 
samples of the right and the left lentncular blood were taken beiorc and liter 
the pericardium was opened to atmospheric pressure The dog was killed be 
ether narcosis 

Iininediateh after the pericardial caMt\ was opened the irtenal pre-'iire 
dropped from 130 to 120 min of mercure and the eenous prts-ure showed i 
slight but definite rise The arterial pressure regained its lormcr le\cl in a icw 
seconds, but the rise m \cnous pressure was mamiamcd throughout the experi- 
ment 
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The marked drop in the caidiac output obtained m experiment 5 
made us question the leracity of results obtained from experiments 
m which the animals wmre killed One of the iconiplications met with 
m experiments similai to the preceding wms a pneumothorax due to the 
leakage of air through puncture w'ounds in the pericardium made by 
the aspirating needle 

The following series of experiments in which the animals were 
allowed to rccorer weie earned out 

Experiment 6 — On a male mongrel colhc weighing 16 5 Kg cardiac output 
determinations were carried out to determine the normal 

On March 30, 1929, under ether anesthesia about 5 cm of the left fourth nb 
and costal cartilage w'as remo\ed The pericardium was sutured to the thoracic 
wall, and the muscle, subcutaneous tissue and skin were approximated in laiers 

T \Bi F 2 — Cmdiac Output Deienmnatwns lu Lx pet uncut 6 



0\\ sen 

Owfccn Content, 



Concump 

per Cent hy A olunic. 

Arterial 


tion. 

iCc 

ol Blood 

Venous 


Co per 

^ 

— — A_ ^ 

DifJer 


Alini.tc 

Arterial A enous 

ence 

Jan 1C, 1929 

103 22 

17 89 

13 07 

4S2 

Tnn 29, 1929 

100 Cl 

1C 78 

13 03 

3 73 

Mirch S, 1929 

120 04 

10 2.' 

13 S7 

3 40 

March 8,1020 

123 90 

20 85 

14 C2 

C 23 

Mirch 27, 1929 

OS 40 

10 G3 

15 75 

3SS 

March 28, 1929 

SO 5S 

19 35 

15 34 

4 01 

On March 00, the per card uin ms sutured to the thoracic wall 


April 12, 1929 

70 CS 

10 5G 

13 70 

3 SO 

April 17, 1929 

01 52 

19 44 

15 70 

3 OS 

April 29, 1929 

103 43 

21 51 

1C 92 

4 CO 

On May 15, tin penc irdial c 

A it\ w as opened to 

ntinoKphoric pressure 

Alas 17. 1929 

07 01 

1C 92 

11 91 

5 00 

May 18, 1929 

0194 

15 74 

9 43 

CGO 

May 19, 1929 

S7 20 

13 OS 

4 07 

S41 

May 20, 1929 

104 Os 

15 21 

4S2 

10 39 

Alas 22, 1029 

90 IS 

2318 

12 03 

11 15 


Cardiac 
Output, 
Cc per 
Minute 


PuRe 

Rate 


2,2-f5 ^ 

2, CSS CS 

2,3i') If® 

1,090 Ss 

2,537 W 

2,159 CO 


2,007 Sj 

2,4S7 CO 

2,230 CO 


1,959 

1,430 

1,039 

1,001 

SCO 


124 

Ss 

ICO 

100 

ICO 


Cardiac output determinations were repeated 

On kla}' 15, the dog w'as in good condition, weighing 17 Kg jj,e 

Gm , w as given The scar m er the left fourth nb w’as infiltrated wot i pm 
h 3 drochlonde, and the pericardium w'as incised for about 1 cm , producing a 
communication with the atmosphere The conus arteriosus was 
specimens of blood from the right and left Aentricles could be obtame^ 
through the pericardiostomy opening Cardiac output 
repeated, but purulent pericarditis dcA eloped after a few' days, and t is ct 
the experiment 

On May 23, the w'eight of the dog at necropsy w'as 14 4 Kg and 

cant} contained about 75 cc of creamy pus The heart seemed to e 
the epicardium w'as covered w'lth a thick coating of fibrin and pus 
cardial ca\ ity W'as definitelj' more capacious than normal The P eu^ ^ 

W’as w'ell sealed off and show’ed no evidence of infection There w^^ jj,oracic 
adhesion between the left middle lobe of the lung and the beior^ 

wall The lungs and the abdominal organs appeared normal 
death edema of the hind legs developed 
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The aveiage of the caidiac output detei minations befoie and aftei 
the peiicaidium was sutuied to the thoiacic w^all is 2,326 and 2,278 cc , 
lespectnelv A caidiac output detei mination earned out two dais aftei 
the jieiicaidium w^as opened showed a deciease of 319 cc , or 14 per cent, 
fioin the pievious detei minations Subsequent determinations showed 
a piogiessne deciease m caidiac output, but these determinations are 
piobabW of no significance because of the deielopment of purulent 
pencaiditis 

Experiment 7 — On a male collie weighing 1512 Kg cardiac output deter- 
minations were made to determine the normal 

On Feb 12, 1929, under ether anesthesia, about 4 cm of the left sixth rib 
and costal cartilage was remoied The pericardium was sutured to the thoracic 


Table 3 — Caidiac Output Dctci iinuations iii Expenmeut 7 


0\j gen 0\i gen Content, 



Consump 

tion, 

Cc per 
Minute 

per Cent by Volume, 

1 Cc of Blood 

Arterial 

Venous 

Differ 

enee 

Cardiac 

Output, 

Cc per 
Minute 

Pulse 

Kate 


Arterial 

Venous 

Jan 27, 1921 

11GS4 

IS 12 

12 SS 

5 26 

2,221 

S3 

Fob 2, 1929 

127 57 

IS 04 

i2 47 

5 57 

2,290 

74 

On Februarr 12, 

tl 0 pcricarchum was sutured to the thoracic vail 



March 4, 1929 

72 72 

ISOo 

14 35 

3 70 

1,903 

78 

March 0, 1929 

121 2S 

17 75 

11 91 

3 84 

2,077 

SS 

March 19, 1929 

104 24 

17 92 

12 2S 

5 64 

1,S4S 

SO 

March 21, 1929 

109 70 

IS 72 

13 3S 

3 34 

2,034 

SS 

On March 21, the pcricardnl cai itj iva« 

opened to atmospheric pressure 



March 21, 1929 

104 72 

19 30 

12 S3 

0 47 

1,019 

72 

March 22, 1929 

91 11 

17 3S 

10 90 

0 42 

1,419 

140 

March 24, 1929 

119 43 

IS 77 

11 33 

7 42 

1,010 

110 


wall over an area about 3 cm in diameter The muscle, subcutaneous tissue and 
skin w'ere approximated wuth silk sutures 

Cardiac output determinations were repeated 

On klarch 21, the w'ound had healed and the dog w'as m good condition The 
scar was infiltrated wuth procaine In drochloride, and an opening about 2 cm m 
diameter w'as made into the pericardial cavity Cardie output determinations 
W'ere carried out Subsequent!}', the dog developed pneumothorax due to the 
leakage of air through the small holes produced by the aspirating needle 

The dog died on March 25 The left pleural cavity w'as distended with air, 
and the left lung w'as completely collapsed The right lung was not collapsed 
The pericardium w’as firml} adherent to the thoracic wall to which it had been 
sutured The pericardial cavity contained a little frothy fluid, and there was 
evidence of an early pericarditis The heart w'as not dilated The pericardium 
W'as shghtlv thickened, and the pericardial cavity was larger than normal The 
abdomen contained a small amount of free fluid 

It IS seen fiom the determinations in table 3 that there was a slight 
diop in the caidiac output follow'ing the attachment of the pericardium 
to the thoracic wall The detei minations taken after the pericardium 
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was opened unfoituiiately were complicated with pneumothorax, which 
developed fiom the small leaks in the pencaidmm produced by the 
aspirating needle 

The fiist deteimmation made immediately aftei the pericardium was 
opened, howevei, seemed to have been fiee fiom this possible source 
of eiior If this was so. there wms a deciease in the cardiac output of 
18 per cent when the peiicaidium ivas opened to atmospheric pressure 
The same unfoitunate complications developed in another experi- 
ment, m which tw^ent} deteiminations had been carried out There were 
no leadings sufficiently accurate after the pencaidium wms opened to 
wmiiant a lecoid of this expeiinient 

TABLr 4 — Caidiac Output Deto minatwn^ in Eipcnmcnt 3 


0\\ gen 0\\ gen Content, 



Consump 

pel Centbj Volume, 

Arterial 

Cardiac 



tion. 

1 Cc 

o£ Blood 

Venous 

Output, 



Cc per 

/ 

, 

Biftcr 

Cc per 

Puhe 


Minute 

trlerial 

Venous 

cnce 

Minute 

Eate 

roll 23,1920 

103 SI 

13 9S 

10 S7 

311 

2,071 

OS 

March 1, 1920 

lie 72 

IS 93 

12 43 

G4S 

1,801 

GS 

tlareh 6, 1929 

107 SI 

13 40 

10 43 

4 97 

2,170 

80 

On March is, the iiericnrdiuni vus sutured to the thoracic vnll 




April 1, 1929 

103 11 

10 43 

HOC 

3 37 

1,921 

50 

4pril 9, 1929 

S9 07 

17 09 

12 44 

4 03 

1,913 

60 

On Juno 4, the peneardml carit; vns opened to ntino^phenc pressure 



Juno 5, 1929 

107 79 

ISIS 

11 40 

C7S 

1,390 

72 

June 6, 1929 

79 14 

1010 

11 OS 

3 02 

1,570 

92 

June 7, 1929 i in 

S3 23 

10 OS 

10 90 

6 02 

1,415 

06 

June 7, 1929 1 ) in 

93 49 

10 30 

10 33 

015 

1,520 

% 

Tune 12, 1929 

001/ 

11 OS 

S34 

014 

1,307 

93 

The vound hid healed and the opening into the pericardial eaiitj had closed 


June 19, 1929 

93 41 

14 99 

9 90 

5 03 

l,S9i 

72 


The tw'o succeeding expeiiments aie conclusive 

Experimcnt 3 — Determinations of normal cardiac output were made on 
male collie weighing 14 Kg 

On March 18, 1929, under ether anesthesia, about 4 cm of the left fifdi f 
was removed, and the pericardium ivas sutured to the thoracic wall so 
area about 4 cm in diameter came into contact with the wall On June , 
dog was given 0 16 Gm of morphine, and the scar was infiltrated wit 
hydrochloride The pericardial cavity was opened to atmospheric 7 

dog had been m good condition throughout the experiment, and on 
cooperated perfectly for cardiac output determinations On June > ' 
had healed so that the opening into the pericardial cavity had become co^^ 
obliterated The condition at this time was equivalent to that be ore 
cardial cavity was opened (June 4) On June 28, under ethyl car 
thesia, the left femoral artery and the jugular vein were cannulate to 
manometer and a Marey tambour, respectively The pericardium ^^nous 
opened to atmospheric pressure, and the effect on the arterial an 
pressures was recorded (fig 4) 
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The dog was killed and necropsy was carried out There were no adhesions 
between the heart and the pericardium On the epicardium and the parietal peri- 
cardium were a number of small plaques of fibrin covered by a smooth glistening 
surface The pericardial cavity was increased in size This dilatation was similar 
to that produced by pericardial effusions There was no evidence of infection 
The lungs, the pleural cavities and the abdomen were normal There was no 
edema and no evidence of an impaired circulation 

It appeals fiom the detei minations in table 4 that the cardiac output 
decreased about fiom 300 to 400 cc per minute when the pericardial 
cavity was opened to atmospheiic piessuie This repiesents a decrease 


19Z,9 

Feb Mar Apr June 



Fig 6 — Chart showing the minute volume output of the heart in cubic centi- 
meters before and after the pericardium was sutured to the thoracic vail, after 
the pericardial cavity was opened to atmospheric pressure and after tins opening 
had closed 

of about 20 per cent in the minute output of the heait It Mas shown 
also that after the opening into the pericardial cavity became obliterated 
b}'^ the healing of the wmund the cardiac output leturned to its former 
level (fig 6) It also appears fiom the analyses that the oxigen content 
of both the left ventriculai and the right ventricular lilood deci eased 
after the pericardium w'^as opened, and that this decrease was more 
marked in the mixed lenous blood 

Experiment 8 — This dog v^as a female mongrel weighing 15 0 Kg On Sept 
4, 1929, under ether anesthesia, 3 cm of the left fifth rib was remoied, and the 
pericardium w'as sutured to the thoracic w^all so that an area of the pericardium 
about 3 cm in diameter came into contact wuth the thoracic wall 
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On December 16, the dog coopetated pooih for cardiac output determination 
Man} of the determinations are not included because of the great fluctuation from 
the basal level Morphine or sodium im-aim letlnlbarbiturate gnen intra\enoush 
was used as a sedative for some of the studies The determinations in \ihidi 
drugs were used are so labeled The cardiac output determinations that were 
carried out immediately after the pericardial caMt\ was opened were complicated 
by pneumothorax A sufficicntlj long inter \al was gnen for the pneumothorax 
to disappear, and care w'as taken subsecjueiith not to pass the aspirating needle 
through the pericardium m taking samples of blood 

On Jan 2, 1930, a snugly fitting catheter was inserted into the opening of the 
pericardium and attached to a tambour and writing lexer The egress of air 
from the pericardial cavitj W’lth expiration could he easilj felt on the hand 
The graph recoids the passage of air sxnchronous with respirations (hg 7) 
When attached to a watei manometer haxmg a bore of 4 tnm, the fluctuations 
in the column of water averaged 8 cm 

On January 21, the w'oiind had healed so that the opening into the pericardia! 
cavity had become closed 



Fig 7 — Graph indicating the passage of air through the opening into the 
pericardial cavity 


Table 5 — Caidtac Output Detenmuatwns iii E'ipcnmcnt S 



Oxygen 

Ow gen Content, 



Consump 

per Cent by Volume, Arterial 

Cardiac 


tion. 

1 Cc 

ot Blood Venous 

Output, 


Cc per r 


— * , Differ 

Cc per 


Minute 

Arterial 

Venous cnee 

Minute 

Sept 20,1929 

97 24 

IG Co 

12 54 4 11 

2,3GG 

Oct 1, 1920 

78 94 

17 97 

14 72 3 23 

2,429 

Oct 10, 1929 

127 85 

18 52 

12 49 C 03 

2,120 

Nov 15,1929 

122 9G 

19 90 

14 63 5 2S 

2,329 

Dec 7,1929 

108 40 

2014 

14 39 5 76 

1,SS3 

Dec 16,1929 

70 78 

19 G7 

1C 39 3 28 

2,432 

The pericardial caxitj ins 

opened to atmospheric pressure 


Dee 28, 1929 

IIGIO 

2104 

13 59 7 4o 

1,5G0 

Dlc 31,1929 

100 36 

19 31 

13 00 5 35 

1.S0S 

Jrn 2,1930 

73 88 

15 77 

13 SO 4 47 

1,633 

On January 21, 

, the wound had healed and the opening into 

the pcrici 

Jan 21, 1930 

95 87 

15 93 

1215 4 79 

2,001 

Jan 24, 1930 

S3 77 

17 79 

14 05 3 74 

2,240 

Jan 25, 1930 

so IS 

17 47 

IS 25 4 22 

2,137 


Pulse 

Bate 

05 
140 
116 

02 

SO 

06 


144 

no 

132 
nl ca 
120 
112 
92 


A* 0 3 G"’ 
A 056® 
4 OjGw 
Ao drOEi 

jlfOlCGm 
4 0 5 G® 

Aoilrw' 

A 0 0 Gin 
had 

4 , 0 '» G® 


* A indicates sodium iso araylethylbarbiturate nnestbesn 
■f JI indicates morphia anesthesia 
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On Januarj' 25, the cxpcninent was finished The dog was in good condition 
and w'as not killed 

From the determinations in table 5 it seems that although theic were 
some wide fluctuations, the minute output of the heait fell about 20 pei 
cent when the peiicardial caMt> was opened to atmospheric pressure 
This loss in minute r olume output w as almost entirely regained after the 
pericardial caviU became closed fiom atmospheiic pressuie (fig 8) 

SUMMARY or DATA 

From the expeiiments it may be concluded that when the pericaidial 
cavity was opened to atmospheric pressuie, theie occurred 1 A definite 

19^9 1950 

Oct Now Dto Jan 


2S5U 



, 
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Fig 8 — Chart showing the minute volume output of the heart in cubic centi- 
meters before and after opening the pericardial caMtj to atmospheric pressure 
and after the opening in the pericardial caviU closed 

sustained use in v^enous piessuie 2 A fall ot fiom 8 to 30 mm of 
meicury m the arterial piessuie This decrease m piessuic was sus- 
tained m one exj^enment, in otheis it was transient 3 A decrease 
of from 15 to 30 pei cent in the minute \ olume output of the heart 
Theie was a letuin to almost noimal minute a olume output following 
closure of the pericaidial opening 

The mechanism pioducmg these changes is a pressuie phenomenon 
Vtmosphenc piessuie acts as an an tamponade on the heart and the 
great vessels within the pericardial ca\it\ It also produces dilatation 
of the pericaidial cavit} similai to that produced In the eftusion of 
fluid 

We should like to name this mechanism pneumocai diac tamponade 
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CLINICAL APPLICATION OP IHIS MECHANISM 

This mechanism may play an important role m all cardiac and pen- 
caidiai singer} The distmbance to the circulation bi ought about by 
exposing 01 opening the peiicaichal cavity has been obsen^ed by sur- 
geons, but the possible effect of atmospheric piessure has neiei been 
consideied a factoi m the development of cardiac failure occur- 
ring at opeiation when these structures ivere exposed Its deleterious 
eftect mai' w ell be a i ital factor in the cases in wdiich the circulation 



Fig 9 — Chart of the pulse rate, blood pressure and respiration taken 
the resection of the precordial ribs under local anesthesia in a patient with seno 
decompensation 


IS just adequate to maintain life In such cases, this additional 


cap placed on the heart might prove fatal 
briefly below 


Such a case is reco 


A white man, aged 25, entered the Lakeside Hospital with the comp 
pain over the precordiuin At the age of 7 he had had chorea, at 
noted d}'spnea, at 20 he had been subjected to sharp stabbing pains 
beneath the left clavicle For several years he had been an mva i 
from heart disease, confined to his home and later, to bed 

When admitted to the hospital, the patient appeared to be in ^ 
dition He was dyspneic when recumbent, the finger tips an t e 
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cyanotic, and the patient was undernourished The heart was fibnllating, the 
rate at the wrist was 70 per minute The systolic blood pressure w'as 120 and 
the diastolic 65 There was an anterior bulge of the precordium A marked pre- 
cordial impulse W’as present A prolonged systolic murmur and a presjstohc 
thrill and murmur w^ere recorded over the apex The heart w'as greatly enlarged, 
and under the fluoroscope it seemed to be fixed in 'position Rales w'ere heard 
at the base of each lung Some enlargement of the liver and slight edema of 
the ankles w'ere present 

The diagnosis of rheumatic heart disease with mitral stenosis and insufficiency 
was made The presence of adhesive pericarditis w^as suspected For relief 
from such adhesions and also as a decompression for the enlarged heart, the 
Brauer operation of cardioljsis was carried out on Sept 14, 1929 

Under procaine hydrochloride anesthesia, S inches (127 cm) of the fourth 
nb and about 6 inches (15 24 cm ) of the fifth and sixth ribs on the left w'ere 
removed by subperiosteal resection The pericardium w'as incised for the purpose 
of exploration, but no adhesions were found The patient withstood the procedure 
poorly The blood pressure fell, the pulse rate increased, and the cjanosis became 
more pronounced The chart kept by the anesthetist (fig 9) shows the fall 
in blood pressure, the decrease in pulse pressure and the rapid pulse rate It is 
seen that the fall in pressure occurred approximately at the time when the bony 
framework was being removed and the pericardium exposed After the operation 
was complete, the blood pressure remained low, the pulse rate rapid and the 
cyanosis extreme Death occurred tw'elve hours later 

The tamponade effect produced by atmospheric pressure may be 
exerted in various types of operation These include operations on 
the heart and pericardium and also certain operations on the anterior 
thoracic wall and mediastinum It should be noted that the atmospheric 
pressure can be transmitted on the heart without opening the peri- 
cardium In the selection of cases for operation, the heart should 
possess a certain reserve power capable of withstanding this tamponade 
effect 
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urethra 

Higgins- stated that theic aic thicc t}pes of lupture 
hi n ^ Juptuie of the pendulous uiethia, rupture of the 

jous uietiia and luptuie of the intrapelvic luethra The most 
inion t^pe o luptuie is that of the bulbous inethia The symptoms 
culling nnmediatcly aftei this tjpe of luptuie usually are pan’, 
moil lage loni the meatus, difficult}' oi niabiht} to uiinate, tendei- 
ness an tumefaction Perineal hematoma may be pi esent The degree 
of nays indicated by the seventy of the sjmptoms 
lough inability to roid may be due to a leflex spasm of the com- 
piessoi uiethiahs muscle as the lesult of injuiy and clots ina} pass 
lom a minoi injui}, the histoiy of tiauma, of hemoiihage fioni the 
meatus and of peimeal hematoma associated with inability to void 
•seiieia y indicate luptuie of the uiethia Catheteiization undei stucth 
aseptic conditions should be attempted The ticatment foi incomplete 
luptuie of the uiethia still lemains a contioieisial subject Higg”''' 

IS satisfied if a soft lubber catheter can be passed into the bladder and 
le leves that jiei meal section, ivhich lias been i ecoinmended, should 
oe avoided if possible If infection supeivenes oi a cathetei cannot he 
passed into the bladdei, peimeal section is necessaii 

n cases of intiapelvic luptuie, the uiethia is tom m association 
with crushing mjunes of the pelvis The luptuie usually occurs at the 
apex of the pi estate gland, tearing it fiom the meinbianous urethra 

25 Higgins. C C Rupture of the Urethra, Report of 12 Cases, Sur? 

Obst 50 639 (March) 1930 
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The difteiential diagnosis of this condition and lupture of the bladdei 
nia}’^ be difficult If the bladder is distended and palpable, the riiptuie 
IS below the Aesical sphincter Supiapubic c}Stotonw and diamage of 
the space of Retziiis should be done as soon as possible Perineal 
section IS pei formed fiom fort\ -eight to se^ent\-t^^o houis after pie- 
hininai} c}Stotom} The cathetei is passed in a letrogiade direction 
from the bladder to the peimeum and then out thiough the meatus 
This cathetei acts as a splint holding the neck of the bladdei in normal 
position until the cut ends of the urethia unite The catheter is usualh 
remo^ed in fiom fort} -eight to se^enti-tuo hours Instrumentation 
ma}^ safe!} be instituted tiom ten to sixteen da}s after operation 
Furthei treatment should be liased on uiethioscopic stud} 

The mortaht} in cases ot luptiue of the uiethia is low if tieatment 
IS gnen immediate!} Stiicture ma\ lesult but undei judicious care 
will lespond to tieatment 

ins res 

Tmnois — Baiiingei, Stewart and Spies-® stated that the foimeil} 
graA’e prognosis in cases of tumoi of the testes has mateiially improved 
with the advent of ii radiation With adequate ii radiation certain types 
of highly malignant neoplasms may be completely controlled eAcn though 
demonstrable retropeiitoneal metastasis is piesent The leaction of 
tumois of the testis and of the resulting metastatic growdh to iria- 
diation IS known to be Aariable In ceitain cases the piimary tumois 
and the metastasis disappear precipitatel}’- and do not recur wuthin a 
period of years In other cases the piimai} tumors react wuth varying 
promptness and usuall} do not lecui, Avheieas the metastatic growths 
react w’-ell and may completely disappeai so fai as palpation can show , 
but recur aftei an interAal Others aie lesistant to ladiotherap} 

One hundred and fift} cases of neoplasms of the testis are repoited, 
m the majority of ivhich the primary tumor had been removed else- 
wdiere and the patient w as referred for treatment by irradiation 
In certain instances the primary tumor w'^as neAer lemoA’^ed the diag- 
nosis resting on the conformation of the tumoi, the piesence of palpable 
metastatic groAvths and the reaction to irradiation In 42 of the 150 
cases the testis AA^as remoAed either befoie or aftei ii radiation and the 
pathologic examination AAas made If irradiation failed to control 
the tumors, anahsis shoA\ed that the tieatment had not lieen sufficient 
and the dosage AAas practical!} doubled in such cases When metastatic 
groAvths aie enormous and the patient is in general pooi health sufficient 
treatment to control the tumors cannot be gn en 

26 Barrm"er B S Stewart F \V and Spies T Testicular Neoplasms 

\nn Surer 91 115 1930 
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The advisability of removing piimai)'- tumors of the testis after 
irradiation is a controversial question Bariingei, Stewart and Spies 
perform orchidectomy as a routine ( 1 ) m order to determine the type 
of tumor and to gam information as to the probable prognosis and the 
probable amount of irradiation necessaiy, (2) to obviate the necessit) 
of subsequent oiei irradiation of the opposite testis, and (3) to prevent 
local recurrence in what may be an adult teiatoma on the presumption 
that resumption of activity of more anaplastic poitions may recur 
Of 113 patients who leceived tieatment and were traced, 41 are 
living and clniicall}'- free fiom disease Of the 113, the condition of 13 
was primal il) opeiable without palpable metastasis Ten (79 percent) 
are alive and clmicall} fiee from disease The condition of 16 patients 
was piimarih inopeiable with demonstiable metastasis, 4 (25 percent) 
aie clmicall} well Tliiee patients in the opeiable group had recurrence, 
they (100 pei cent) aie all clinically \%ell Eighty-one patients had 
recurient cases with inoperable local recuiiences and inoperable meta- 
static lesions, 24 (30 per cent) are iMthout evidence of disease 

[Editoual Note — The vaiiabihty m ladiosensitivity of testiculai" 
neoplasms is well emphasized The fact that sixteen patients with 
inoperable cases and three with recuirent cases weie treated with 25 per 
cent clinical cure by ladiotheiapy argues well for this form of treatment 
if subsequent reports show these results to be consistent 

A few }eais ago, Hmnian advised extensive radical resection of the 
legional lymphatic glands as a means of combating tumor of the testis 
Young reported 50 per cent of one yeai cures in eight cases, and rather 
discouiaged iiiadiation except as a postoperative measure Probably 
as the situation stands, orchidectomy and iiiadiation will usually gn^ 
the best lesults ] 

EPIDIUYI^IIS 

Tube! culosii. — Cecil'" described an opeiation for tuberculosis of 
the epididymis, the object of which is the clean removal o 
epididymis and sinuses and the seeming of pi unary healing 
tubeiculous sinuses are painted with pine caibolic acid, a er 
sciotum has been cleansed An elliptical incision is then made t r 
the skin aiound the sinus While the pressure above the 
maintained with the hand, light elliptical cuts aie made 
dividing bands of tissue directly down to the tunica vagina is 
concentric cuts aie kept close around the elliptical incision m 
As the cuts are made, the testis and epididymis begin to 
the sciotum The scrotum is immediately wiapped wit 

27 Cecil, A B An Operation for Tuberculosis of the Epididjniis, 

Gynec Obst 50 624 (March) 1930 
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packs, coveied with a towel and kept surgically clean The tunica 
vaginalis is opened and the epididymis is separated from the testis 
The epididymis and testis are both wrapped m warm salt packs and 
set aside A clamp is pushed up along the vas deferens until it coiie- 
sponds with the external img A small nick is made ovei the tip of this 
clamp and anothei clamp, which is used for clamping off the \as, is 
pushed down along the same path The vas is cut between two clamps 
The clamp and vas are then drawn upward to bring the vas out in the 
groin, but at no time is the clamp removed from the vas or is the vas 
ligated, as such attempts are likely to infect the wound A single stitch 
IS passed through the nick This stitch passes thiough the outmost 
covering of the vas The clamp, with the vas still fastened m it, is 
wrapped in gauze and strapped to the abdomen The scrotum is pulled 
down over the testis and closed by mteirupted dermal sutuies The 
wound IS covered with collodion The sciotum is supported with a 
binder In about seven or eight days the vas comes awa) at the level 
of the skin 

URINARY LITHIASIS 

Etiology — Hmman, Charnock and Dait-® considered some of the 
hypotheses concerning the etiology of uiinaiy hthiasis which haie been 
subjected to experimental study Such etiologic agents are diet, 
mechanical or anatomic featuies, foreign bodies, infection oi micro- 
organisms and urinary colloids 

The problem of the foimation of calculi in which the urinaiy solids 
aie precipitated as fused, hard concretions lathei than individual ciystals 
IS one of chemical precipitation The basis of futuie knowledge of this 
problem seems to be in the field of colloidal chemistiy The piocess 
which can alter the action of the urinaiy colloids appears at this time 
to make up the foundation in the formation of urinary calculi 

In ordei to check the relation between the hydiogen ion concentia- 
tion of the urine and the balance of the urinary colloids, a series of 
experiments was carried out to test the variation of cr}^stalloid piecipi- 
tation under difieient hydrogen ion concentrations of the urine The 
factors of foreign body and infection were eliminated and stones formed 
within the pelves of experimental animals by oxamide The oxamide 
is piecipitated fiom the urine in such a wa} that the indnidual cr}stals 
tend to fuse It was found that the urine of these rabbits were normalh 
about pn 7 Three classifications were made, alkaline and normal and 
the animals -were put on a diet winch vould keep the urine at a relatneh 

28 Hmman, F Charnock, D , and Dart A E Studies of the Etiolog\ oi 
Urmarj' Lithiasis, Proc Ninth Meeting Clin Soc Genito-Urin Surg , San Fran- 
cisco, Juh, 1929 
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\\ide Aanation of hycliogen ion concentration The fol}o\\mg points 
were noted negative lesults without signs of concretions or oxamide 
deposits, fine sand MSilile inacioscopically at neciopsy and small con- 
cretions of sufficient size to cause in man stasis when passed into the 
ureter It was concluded that m rabbits haniig a strongl} alkaline 
urine theie is a tendenc} to the foimation of stone 

{Editoiial Note — Ke}ser, in 1922, studied oxainide lithiasis in 
rabbits The leaction of the uiinc of the labbits, giossly controlled, 
seemed to aftect little the deposition of oxamide m the urinary tract 
Therefore, this repoi t is somewhat m conflict 

Two points should be made 1 Oxamide is a ciystalloid foreign 
to the uiinai}" tiact of the animal Theiefoie, conclusions draivn from 
a stud}^ of the formation of oxamide stones should not be apphed 
diiectly as pertinent to the usual t\pe of lithiasis seen in animal life 
In other words, oxamide lithiasis is not a biologic process, but an 
unusual manifestation of chemical poisoning I-Iow'evei, the ph)'sical 
features of oxamide lithiasis, such as the fusing of the cr3^stals, does 
‘icem to demonstiate the usual process in the foimation of urinan 
calculi, as seen clinical!} 2 Fiom clinical evidence it seems fanh 
certain that the leaction of the in me does haie some part in the forma- 
tion of calculus The calculi tound in the low ei animals, such as sheep 
and dogs, are almost consistently of the carbon variety and are 
associated wnth alkaline urine In human beings phosphate calculi are 
most frequently associated with alkaline mine and wnth iirea-spbtting 
organisms of the pioteus group Oxalic and uric acid calculi are more 
often associated with urine of lower hydrogen ion concentration but 
the ranges have not been accurately determined Crow^ell has been 
able to stop the foimation of cystine calculi in a patient by keepuK 
the mine at a lange of high alkalinit}’- 

These features would tend to show that the i eactioii of the urine i 
of importance m the formation of stone, but in just wdiat phjsico 
chemical manner this factor acts has not as yet been detei mined ] 
Calcnh m Infancy — Campbell,"’’ in reviewing a series of 30 
urinary calculi m infancy and childhood, observed that stones o a 
childhood are usually of urate or calcium phosphatic composition , ^ 

10 to 15 per cent are composed of uiic acid Urinary calcui ^ 
appear at any age , they have been found m a 6 and in an 8 mon^^^^ 
fetus Urinaiy lithiasis is predominantly a disease occurring lo^^^ 
m a series of 2,000 cases review^ed, only 77 were girls The ra^ 
incidence was 17 on the right side to 7 on the left In abou 

29 Campbell, 11 F Urinary Calcuh m rnfanc 3 and Childhood T 
94 1753 (May 31) 1930 
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cent the involvement was bilateial Clinical obser^atlons show that the 
greatest obstacle to the" 'passage of stones occurs at the vesical outlet, 
undoubtedly an explanation of the higher incidence in the male 

The symptoms of stone are chiefly those of infection of the uimaiv 
tract, although pain, whethei due to urinary obstiuction or to the 
presence of the foreign body, may be the first s)unptorn apparent to the 
patient Pyuria, urinary frequency and dysuria, together with 
localized, radiating or indistinct pain, are the most constant complaints 
Stone without pyuria is rare The amount of pus varies A few 
scatteied white blood cells to each high power field and thick, milk\ 
urine containing from 30 to 40 per cent of gioss pus on standing ma-s 
be noted When the stone is lenal oi ureteral, the ladiation of pain is 
usually toward the groin, pubis or isolateral genitalia It may terminate 
m the lower abdominal quadrant In extremely young patients, the 
passage of renal or ureteral stones geneially causes sjmptoms similai 
to those of enteral colic, the pain is likelj to be more continuous and 
not accompanied by diarrhea or other intestinal symptoms Occasional!} 
the passage of stones from the upper tiact is manifested by acute 
symptoms of vesical calculus 

Laboratory examinations are important as the first step m a complete 
urologic examination A roentgenogram is taken to ascertain the 
presence of stone, although the stones chai actenstic of eaily childhood 
aie of uric acid composition and are not radiopaque In older children 
from 10 to 15 per cent of urinaiy calculi will not cast a shadow m the 
roentgenogram The treatment foi urinaiy'' calculus m childien is 
usually surgical, hut m a few cases ureteral stones will pass follow'inti 
ureteral dilatation About 90 per cent of all lenal stones pass to the 
liladdei and most of these eventally pass from the meatus Nephiec- 
tomy IS indicated only when the kidney'- is totally destroy ed or the stone 
IS so large that its removal by'- nephrotomy^ w'ould probably'- result m 
ultimate destruction of the kidney' Removal of a stone by py'elotom\ 
w'lll often conserve the kidney' Impacted ureteral calculi are easily 
removed by ureterotomy' Although small soft stones ot the bladder 
may be crushed by lithotripsy', large or hard stones are most 5110005 “^- 
fully' lemoved by cystotomy The latter is the method of choice 
because any' obstructions to the neck of the bladder mai be destioied 
through the open w'ound or the diveiticula ma^ be re'^ected 

l. ROGRAPHY 

IMcCrea called attention to the necessity ot liaMiig a pyelographic 
medium that can be detected as it regurgitates from the ureter when 

30 !McCrea L E A Contrasting Medium lor P\clognphic Stud^, T \ 
^r V 93 987 (Sept 28) 1929 
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used in conjunction with indigo caniiine Sodium iodide, now the most 
univei sally used p}eIographic medium, cannot be obsened when the 
reguigitated fluid from the uretei is colored bi mdigo cainiiiie The 
followniig medium has been piepaied and is now' being successful!} 
employed sodium iodide, 12 Gm , emulsion of silver iodide 5 per cent, 
20 Gm , distilled w'atei sufficient to make 60 Gm This combination 
IS a thin, w'atei}, cieaiu} white mixtuie and can leadil} be detected b) 
the observei W'atchmg the uieteial onfice as a bluish ci eani-colored 
fluid The contiasting medium is of advantage m cases of obstruction 
of the uretei 

Rafio and his associates stated that the combined method of 
cystoroentgenogi aphy wms desciibed b} one of them foi the fiist time 
in 1925, one }eai piioi to the publication of the method of Resiei 

Their technic is as follow's A cathetei of large diameter is intro- 
duced into the bladdei, the bladdei is completely emptied, 30 cc of 
barium sulphate in thick aqueous suspension is intioduced, and then 
100, 150 or 200 cc of an or ox 3 gen is injected until the patient com- 
plains of slight pain Before the loentgenogiams aie taken, the patient 
is asked to turn once or twice so as to obtain a unifoim coating of 
the vesical mucosa b} the opaque medium The loentgenogiams are 
taken in the usual wm} The lesions of the bladdei appeal either in the 
form of filling defects oi as dense shadows 

The method of Resier, using iodized oil does not ahvats demon- 
strate the irregulai ities plainly because the highei viscosity of the iodized 
oil pi events its even distiibution on the suiface of the mucous mem- 
brane Not infiequently roentgenogiams aie obtained which do not 
coi respond to actual conditions 

Rafifo and his associates have used the combined cjstoioent 
genogiaphy foi tliiee yeais wuth satisfactoiy lesults Since the filhn& 
defects and inci eased opacities indicate onl} the site and extent of tie 
lesion and do not indicate its true natuie, the method should be use 
only m conjunction wnth othei clinical proceduies 

Haret and Fiain reported a case of multiple calculi of the 
in a man, aged 40 At opeiation seventeen stones weie found, twe le 
which weie about 2 5 by 2 cm and fi^e somewdiat smaller A 
section of one of the largei stones revealed that the cential 
the calculus consisted of a blue-stained, oily substance wduch on c 
analysis was found to be gomenol stained wnth metlw lene blue 
thionme chloiide. U S P ) The bactei lologic examination lO' 

31 Raffo, Vittono, and Vallebona, Allessandro Quelques remarque 
de la cystoradiographie, J de radiol et d’electrol 13 481 (Sept) 

32 Haret and Fram, M Radiographic de la versie , une imaoe 
mem Soc de radiol med de France 17 229, 1929 
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the piesence of active staphylococci Many }ears previous!} gomenol 
had been injected into the bladdei and at the same time methylene blue 
pills were given It is probable that the air bubbles ^^hlch formed at 
the time of the injection of the gomenol became stained vith the 
methylene blue, and later stones foimed The presence of actne 
staphylococci within the oily substance of the stones so many yeai s later 
dissipates all illusions with regard to the antiseptic value of gomenol 

Trattnei, Wright and Barlow stated that the characteiistic action 
of 12 per cent sodium iodide on the uietei consists in a marked 
increase of tonus, frequently to the degiee of spasm which may be 
either regional or involve the entire oigan Relaxation of the uretei 
may also occur In the interpretation of the pyelo-ureterogiam, besides 
the normal anatomic constrictions and dilatations, and the eftects of 
pressure from injection, it is essential to distinguish the functional 
response of the ureter produced by the sodium iodide solution fiom 
that of an organic lesion 

Bergerhoff pointed out that the oldei method of pjelogiaph} in 
which the contrast medium was bi ought diiectly into the urmai} passage 
^vas not physiologic Another method has theiefoie been peifected by 
which a contrast medium that consists of a combination of uiea and 
of iodine is injected into the cubital ^eln and is excreted thiough the 
urinary system Not only does this contiast medium facilitate loent- 
genoscopy, but its elimination reveals the functional activity of the 
uiinary system Beigerhoff enumerated the cases in which this method 
of pyelography should be used and also the cases m which it is contia- 
mdicated Following a description of the mechanism of the injection 
of the contrast medium and of the roentgenogiaphic technic, he leported 
several cases that illustrate the great value of the method He pointed 
out that this method of pyelography makes it possible for the phvsician 
who IS not a specialist in urology to diagnose disorders of the unnar\ 
system, and consequently it enlarges the field of his activit} Indications 
foi operative treatment can now be moie piecise than befoie this technic 
was perfected 

Becleie, Porcher and Heniy“’ experimented with the pieparation 
employed by ion Lichtenberg for intiaienous pjelography at St Hcd- 
iMg’s Hospital in Beilin This prepaiation consists of an iodized 

33 Trattner, H R , Wright, H B, and Barlow, O W An E' perimental 
Study of the Action of Sodium Iodide on Excised and Intact Ureters of Dogs, 

T Urol 23 441 (April) 1930 

34 Bergerhoff, W Die Anwendung der intraienosen P\elographie in der 
innern Aledizin, Aled Khn 26 232 (Feb ) 1930 

35 Beclere, H Porcher, P, and Henrj, Robert Premiers resultats de la 
methode de Lichtenberg (P^elo-uretero-c^stographle par injection intra-icineu=c; 
Bull et mem Soc de radiol med de France 18 79, 1930 
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bubstance clerned fiom p 3 aidjne It is made in the foim of a watei- 
soluble po^^ der, it is absolutely nontoxic and its excretion begins within 
fiA'e minutes aftei the mtiavenous injection 'I'lie loentgenograms taken 
ten minutes attei the injection ,ue not shaip, but they demonstrate 
cleaily the lenal pehis, the ureters and the bladdei 

The method has two advantages It peimits of a study of the 
stiucture of the lenal pelris, meters and bladdei in all cases in which 
uieteral catheteu/ation is impossible or contiaindicated, afid it goes 
information with legard to the intimate phenomena of urinary excretion 
The technic is as follows Foit} grams of the pow^dei is dissolved 
m 80 cc of double distilled wnitei Aftei the addition of 20 cc more of 
double distilled watei, the solution is filteied through a regular filtei 
paper or sterile gauze, is placed foi twenty minutes in a w^atei bath, is 
lefiltered and is maintained at a temperatuie of 37 C The intravenous 
injection is pei formed according to the usual technic (in the vein of 
the aim) except that aftei the injection of the fiist half of the solution 
(50 cc ) there is a three minute wmit before the second half is injected 
The loentgenogiams are taken fifteen minutes, thirty minutes and 
one hour and fifteen minutes after injection The second roentgeno- 
giam, as a rule, shows the maximum contiast In some of von Lich- 
tenberg’s cases positive roentgenogiams w’^ere obtained six and even 
Iw^enty-four houis aftei the injection 

Kielleuthner has used an lodopyridine compound for intravenous 
pyelogiaph) for the last three months in a senes of thirty-four cases 
Roentgenogi ams w'eie taken fioni ten to fifteen minutes and from 
Iw^enty to fortj minutes latei , in case of disturbed renal function the^ 
were taken one horn, tw^o houis and several houis later All roent 
genogiams w'ere satisfactoiy, and ill effects did not follow^ the injection 
The method is of special value in cases in wdiicli direct pyelograph} is 
impracticable, for example, in cases of childien, uieteral stones, ma 
foimations and ceitam abdominal tumors It is contraindicated m 


bilateral conditions of the kidney and m thyi otoxicosis 

Roth and Wright stated that the lodopyiidine compound is neutra^ 
is more than 50 per cent soluble in wmter and contains 42 per cent o 
iodine It IS an extremelj'' stable chemical compound, and its opac 
to roentgen rays is excellent 

Important information was obtained by compaimg ^ 
of a series of cases, and it is suggested that the use of serial 
casset holders in conjunction with a Potter-Buck)'’ diaphragm m ,, 
be of great advantage 

36 Kielleuthner Ueber eine neue, aiissichtsreiche U^tersuchungsffletlio 
den Harnorganen (Uroselektan), Munchen med Wchnschr 77 


37 Roth, E J H, and Wright, H W 
if T I 778 (April 26) 1930 
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111 eftects were not observed from the injection Theie was a 
slight increase in the pulse late and blood pressure and cramping of 
the anterior muscles of the shouldei in a few cases, but the symptoms 
always disappeared wuthin fifteen minutes The method is perfect!} 
safe, even in cases in which theie is marked decrease of renal function 
The only contraindications are anuria, uremia and gross disease of the 
liver and kidnei 

In Roth and Wright’s senes of sixty roentgenogiams, they noted 
that the shadow of the left kidney appeals slightly less dense than 
that of the right They did not succeed, as others have done, in 
Ausuahzing b} roentgenograms the pelvic shadow accuiatel} enough for 
p}eloscopy On the roentgenogiams, there was a satisfactory shadow 
after six minutes and in fifteen minutes theie was a perfectl} cleai 
outline of the w'hole of the urinary tract 

An lodopyndine compound can also be used as a test of renal func- 
tion, since It IS easily recovered from the urine On the addition ot 
h} drochlonc acid, it forms a hea^^'^ w^hite precipitate w hen the hydrogen 
ion concentration reaches from 2 8 to 3 Chemical estimation, how'e^ ei 
IS not always necessary because the specific grant} is a lehable guide 
of the drug piesent It should reach between 1,045 and 1,050 within 
an hour 

Roth and Wright were able to confirm the expeiicnce of von 
Lichtenberg, according to which, although advanced nonmfected h}dio- 
nephrosis gives an excellent though perhaps de]a}ed shadow, infected 
01 congested pyonephrosis may not gi\e a shadow 

In conclusion, the opinion is expressed that intiaicnous p}elogiaph} 
b} means of an lodopyridine compound, will plav an important part in 
urologic diagnosis, since it is a lehable test of lenal function and is a 
p}elographic contrast medium 

Hry’^ntschak since 1925, has. expeiiinented on animals w.th 
numerous opaque mediums for the visualization of the paiench}ma and 
pehis of the kidney The following criteria w'eie found to be nt 
significance (1) The opaque medium must be entneh harmless to 
the renal tissues, (2) it must be nontoxic (3) it must possess suf- 
ficient contrast (iodine or bromide) , (4) it must represent a stable 
jireparation (so that iodine or bromide is not liberated in the organism) 
(5) it should be neutral soluble m water (to at least 20 per cent) and 
permit of sterilization b} boiling and (6) it should be excreted in it- 
cntirety^ in the shortest possible time 

38 Hrentschak Theodar Studien zur rontgenoloRisclKn Dar-tLllun!, er.n 
Xierenparcnch\ m und Xurenbecken aut intra\enO'em Weae Zt-chr i Lred 23 
893 1929 
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The piepaiations used by Hr}ntschak were made synthetically 
Simultaneous!} with the intiavenous injection of the opaque medium, 
pituitary extract was admmisteied intramusculaily m order to increase 
the powei of concentiation of the kidney, and atropine was given to 
decrease the peiistalsis of the pelvis and the ureters Good results 
uere obtained, although the method needs further improvement 
The dose of opaque substance injected by Roseno for intravenous 
pjelograph} is desciibed biiefl} The preparation is called “pyelognost” 
and is pioduced by Gehe and Company, Dresden Sixty-three grams is 
injected into a noimal patient weighing from 50 to 90 Kg , 15 Gm 
IS subtracted foi eveiy kilogram of body weight under 50 Kg, 
and 1 5 Gm is added foi erery kilogram of body weight over 90 Kg 
Roseno gare the lesults of the clinical application of an lodopjri- 
dine compound in human beings as follows Intiavenous pyelograph} 
is of gieat advantage m all cases m which the usual pyelograph} bj 
letiograde injection is contraindicated as, for example, in urethral 
stricture, atiophy and tuberculosis of the bladder, occlusion of one of 
the ureteis and tubeiculosis of one of the kidneys 

Normally the function of the kidney consists in excretion of the 
urine This means that aftei the injection of the opaque medium the 
substance is excreted so fast that visualization by roentgenograms is 
not possible In order to produce gi eater concentration of the iodine 
within the excreting kidney, Roseno added urea, which, in this par- 
ticular instance. ser\ed two pui poses it forms a sort of carrier for 
the iodine, directing it toward the kidney, and it acts as a diuretic 
111 increasing the permeability of the kidney filter 

The idiosyncrasy for iodine is tested (skin test) the day previous to 
the examination If such idiosyncrasy is not present the solution (the 
nature and concentration are not described) is injected intravenous! 
within from five to fifteen minutes At the time of injection t e 
bladdei must be kept full so as to produce stasis in the renal pehis, 
this delays the excretion of the opaque medium Roentgenograms are 
taken immediately, three and five hours after the injection 

There is a sensation of pressure m the head and occasionally m ^ ^ 
thorax associated with a feeling of faintness, such as is o 
following the completion of the injection A little later there is^^ 
sensation of thirst, sometimes necessitating the taking of flui s 
other instances there is ewdence of headaches and slight elevation^^^ 
temperature occasionally lasting for more than twenty-four hours 
sjmptoms disappear within forty-eight hours 

Die intravenose Pj'-elographie, Klin Wchnschr 8 16-3 ( 


39 Roseno, A 
27) 1929 

40 Roseno, A 
18) 1929 
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The normal pjelogiam obtained after intravenous injection of the 
contiast medium is different from that obtained from the retrograde 
injection in that it appears smaller and less distorted This, in Roseno s 
estimation, is due to the fact that mechanical distention is entirel) 
absent m intiavenous p}elography 

Twelve roentgenograms illustrate the ^alue of intiaAenous pje- 
lograph)^ 111 various pathologic conditions In case of complete occlusion 
of one of the ureters by stone, kinking or tuberculous stricture it is 
possible to obtain a good visualization of the kidnej and a portion of 
the ureter above the stiicture In stenosis underneath the uieteral 
ostia (urethral stiicture and hypertrophy of the pi estate gland) good 
visualization of the uiinai}'’ tract is obtained because of the stasis pro- 
duced by the stenosis In cases of stones of the kidney and uietei, 
one may localize exactl) the site of the stones and also the t\pe and 
extent of the stasis proximal to the stone, and obtain at the same tune 
much information conceining the function of the diseased kidnej and 
the opposite normal kidnej In anomalies of the uropoietic s}stem the 
type and extent of the anomaly of the complications resulting therefrom 
can easily be determined In tuberculosis of the kidnej, besides 
impaired “reflektorische” excretion, tuberculous caMties m the legion 
of the cahces and parenchyma may be demonstrated 

In cases of renal tumor as well as of renal cyst, the retrograde 
pj’^elography is of greater ad\ antage Intravenous p) elograph} , because 
of almost complete loss of excretion, leads here only to poor Msual- 
ization of the urinary tract Most of the so-called functional ureteral 
kinkmgs and Hunner’s ureteral strictures are artefacts, produced 
probably b}" manipulation during retrogiade pyelography 

Von Lichtenberg and Swick^’^ took a pessimistic point of mcw in 
a recent consideration of Roseno’s work on the value of intrarenous 
pyelography By this they did not mean to underestimate the idea of 
intiaienous pyelography, but to express doubt that a suitable medium 
for injection would be found Yet Roseno, by emphasizing the phjsio- 
logic and pathophysiologic phenomena, obtained marked results in this 
respect 

In compaiing mtraienous pj elographj'- bj means of lodopjndine 
compound with retrograde pj elograph}’’, the authors attempted to deter- 
mine at the St Hedwig Krankenhaus, aided by Ra\e roentgenologist, 
how far the two methods agreed and vhat practical conclusions could 
be dravn Of the eighty-four cases studied, thirt}-fi\e vere later 
checked at operation and one at postmortem examination 

In all instances a good MSibility of the urinarj tract b} the roentgen 
ray was obtained If a shadou of the kidnej vas not demonstrable, 

41 -^on Lichtenberg, A and Swick M Khnische Prufung de^ Uroselectans, 
Khn Wchnschr 8 2089 (Xo\ 5) 1929 
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the kidney eilhci not piesent, oi function \\as gicatly oi eiitneh 
destroyed The functional disluibanccs of the uiinaiy tract could also 
he studied with gieat accuiacy 

In the 84 cases studied (this nuinbci latei incieascd to 160), satis- 
lactory infoimation was obtained concerning the best therapeutic pro- 
ceduie fiom intiavcnous pyelogiaphy alone in 75 pei cent, in the 
lemamdei ot the cases the examination had to be supplemented 1)} 
cystoscopy, cathcteii/ation of the uieteis and p}clogiaphy The func- 
tional test as cstmiated fiom obscnations b}^ the loentgen lays likewise 
led to positnc infoimation m 75 pei cent of the cases 

Intravenous pyelogiaphy is indicated (1) m all instances in winch 
cystoscop), uieteial cathetcii/ation and diiect pyelogiaphy aic contra- 
indicated eithei foi anatomic, pathologic oi technical icasoiis, (2) in 
all cases of uietcial occlusion, and (3) m all cases m which the appli- 
cation of diiect p\clogiaphy is associated with ceitain iisk to the 
patient 

In the cases of limited icnal function diiect pjclogiaphy by the 
loutinc pioceduie, on account of the bettei contiast, leads to nioie 
satisfactoi} icsults 

Since 95 pci cent of the injected iodine is cxcietcd in the mine 
within fiom six to eight hoius. it w'as attempted to find wdiethei the 
late and the peiccntage of the iodine excieted could not be used as a 
basis of the functional test of the uiopoictic system Thice methods 
w^ere employed foi this pin pose (1) the deteimination of the excieted 
iodine, (2) the quantitative deteimination of the excieted lodopyinf**’^ 
compound, and (3) the deteimination of the specific giavity of the 
urine, this inci easing pi opoi tionately with the amount of iodine picsent 
So fai it has not been possible to find out wdnch of the thiee inetlio s 
wmuld be of piactical value 

The association of pyelogiaphy woth pjcloscopy is indicated also 
m the intiavenous application of the method 

An attempt was made to adnimistei the lodopyiidinc compound 
mouth, but this pioceduie piored unsatisfactoiy 

Swick,'^- aftei a biief desciiption of the pioceduies 
the discoveiy of an lodopyndme compound by Bmr and Rath, e i^^^ 
the characteristics of this compound as follow’'S The lodopyiidmc 
pound IS nontoxic, soluble in wmtei and neutral in its 
under normal conditions it is excieted as such tliiough tie 
urinary tract wnthin eight houis piactically to the extent of 
100 per cent The iodine m the molecule exists in a stable, oit,a^^ 
bound State, thus explaining why lodism has never been obsene 

42 Swick, M Intraiciious Urographv bj kleans of Urosclcctan 
8 405 (Feb ) 1930 
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tolerance is exceedingly gieat, theoietically ISO Gin of the substance, 
in teiins of iodine 75 6 Gin , can be administered to a person weighing 
60 Kg 

A child aged 7 years would recen'e half the dose and a child aged 
2 years a fourth of the dose administered to an adult The injection is 
made in two stages, at intervals of from thiee to five minutes, b^ using 
fiom five to SIX syringes pieviousl) steiihzed m distilled water The 
fiist 1 oentgenogi am is made fifteen minutes attei the last injection, the 
second about fiom twenty to thiity minutes aftei the fiist i oentgenogi am 
and the thud a coiiesponding peiiod aftei the second roentgenogi am 
In distui bailees of lenal function, subsequent films are taken at intenals 
of fiom two to foui houis 

The leaction consists of tliiist and generalized ivainith, particular!} 
of the face and legioii of the bladder, and occasionalfi of nausea 
Shiveimg and voniitnig of short duration occuiied in a case of nephio- 
sis A child aged 10 jeais died shortly after the injection, but the 
uremia that had existed a long time previous to the injection was 
probably responsible 

Intiavenous urography is indicated wdiene\er ureteral catheterization 
is dangeious or mechanically impossible, in cases of infection ot the 
lower part of the genito-urinar\ tract in the presence of bleeding, in 
cases of implanted ureters and in the case of children 

Truchot'*^ described four cases in which the application of intia\c- 
nous pyelogiaphy led to the correct diagnosis He used an lodopjndinc 
compound for intra\enous pyelography m about twent} examinations 
of the urmai)’’ system The method of injection was that emplojed 
by ^on Lichtenberg 111 effects w'^ere not obser\ed except for a slight 
sensation of heat in the head lasting foi a peiiod of from ten to 
fifteen minutes 

The intensity of the shadow' of the uiinai\ tract w'as controlled 
loentgenoscopicalh , and roentgenogi ams were taken at the jieak of the 
visibility of the image 

Ravasmi and Gortan haAe used an iodop\rKhne compound in ten 
cases in wdiich the lesions w'ere \aried, such as mobile kidnee marked 
chronic cystitis bilateral cystopeehtis in pregnancy, bilateral jwclo- 
nephrosis stone in the pelvis of the kidnee, double ureters infected 
prostate gland c} stope elitis in pregnancy, nine month pregnane} with 
constricted pehis of the kidnee and pole ce Stic kidnee s The conclusion 

43 Truchot Presentation de quelques radiographies du sesteme iirimirc 
obtenues apres inicction intra-e eineuse d’uroselectan Bull et mem ''oc <le radiol 
med de France 18 171, 1930 

44 Baeasini and Gortan II quadro radiografico delle eic unnaire mcdianti. 

1 miezione endoeenosa con 1 uroselectan, Radiol med 17 327 iMarcbl I'^'O 
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IS leached that the iirepaiation is entiiely innocuous, in two cases there 
was temporal y elevation of tempciatuie but this was due, as already 
suspected by von Lichtenheig, to the distilled watei Good roentgeno- 
grams of the uimaiy' tiact were obtained in all cases m which the renal 
function pel nutted sufficient elimination of the opaque salt The method 
is indicated in all cases in which pyelogiaphy cannot be perfoimed It 
also gives ccitam infoimation of a physiologic chaiactei 

Valleiy'^-Radot and his associates stated that Osboinc, Sutheiland, 
Scholl and Rowntrcc, in 1923, used sodium iodide oialh and intiave- 
neously foi the demonstiation of the uiinaiy tiact i oentgenologically 
Volkmann, m 1924, aftei expei iinenting with lithium iodide, sodium 
bioinide and sodium iodide, aimed at the conclusion that sodium iodide 
IS the most suitable of the tlnee Von Lichtenheig, in 1924, Lenaicliuze 
and Pecco, m 1927, and Roseno, in 1929, made furthei contiibutions 
to this subject '1 he method of Roseno consisted of intiavenous injec- 
tion of sodium iodide in association with uiea, the lattei acting as a 
diuietic and thus pioducing inoie lajnd elimination of the iodine 
Roentgenogi ams weie taken within fifteen minutes, tlnee hours and 
five houis aftei the injection 

Recently, von Lichtenheig and Swick contiibuted to the method of 
Osboinc and his associates in intioducmg an lodojjyridine compound 
This pioduct, piepaied by^ Bmz and Rath, consists of a sodium salt of 
pyiidme with 42 pei cent iodide oiganically fixed The injection is 
made in two stages, at inteivals of tlnee minutes The i oentgenograins 
are taken fifteen minutes, foity-five minutes and one hour and fifteen 
minutes, or in the event of functional distiiibance of the kidney, six 
hours, twenty-foui hours and even thirty-six houis after the injection 
of the opaque medium 

Vallery-Radot and his associates investigated the value of tie 
method of von Lichtenherg and Swick by injecting the lodopyn^ne 
compound intravenously into two labbits and one gumea-pig 
prepaiation was well toleiated, the maximum toleiance dose being 7 ni 
foi each kilogram of body weight in labbits, thus giving a maxnnun 
dose of 180 Gm for a human being weighing 60 Kg 

As a lesult of these expei iments on animals, the lodopyndine com^ 
pound (40 Gm dissolved in 100 cc double distilled water) was injec ^ 
also into one human being, and roentgenogi ams weie taken 
sixteen, twenty-thi ee, foity-one and fifty-seven minutes and one 
and thirty-three minutes aftei the injection 

It was concluded that the method of a^oii Lichtenherg an 
leads to good visualization of the cahces jiielvis of the kidnei, 

A ofo niicl Pero*’ 

45 Vallerv-Radot, Pasteur, Dalsace, Jean, Nemours-Augu , 

AJaunce Nouveau precede d’exploration radiologique des ^oles unnar 
med 38 385 (March 19) 1930 
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and bladdei It also peimits the e\aluation ot tunctional distuibances 
of the kidne} The method maiks leal piogiess in the stud} ol renal 
lesions 

Lotsy stated that the nutation caused by the continuous accumu- 
lation of eggs of Bilhaiaia m the submucosa of the bladdei kidne\ and 
colon leads to a laige lound cell infiltration of the contiguous tissues, 
lesulting latei in mucous papillomas of laiious foinis After the lapse 
of one }eai the eggs become calcified He piesented numeious cases 
illustiating the difteient i oentgenologic aspects of papillomas and 
calcification m bilhaiziasis of the uiinai\ tract 

The following difficulties aie especially emphasized tiom the point 
of Anew of difteiential diagnosis (1) possible confusion A\ith calculi 
ot the bladdei, uietei and kidne} , (2) possible confusion with papil- 
lomas Ol infiltiations of the intestinal tract which pioject into the legion 
of the bladdei uretei oi kidney, and (3) misjudgment ot the paiiillomas 
and calcifications of the uiinai} tiact in cases m aaIucIi elongation and 
tortuosity of the uieteis aie present 

Definite diagnosis Avas obtained m most cases by the simple use of 
compression, eAacuation of the bladdei and roentgenogi ams in different 
AueAA^s Lotsy is convinced that the injection of opaque solutions foi 
the purpose of difleiential diagnosis, as adAOcated b} others, is not 
necessary 

Saigent levieived a series of A^esiculogiams showing about 200 
seminal Aesicles, and compaied them AAuth the clinical data The sciics 
included noinial, as Avell as acute and chronic cases of gonorrheal 
A’^esicuhtis and tubeiculous Aesicuhtis He concluded that the Aesiculo- 
gi am is constant and does not vai A innoimalmen noi does it a ai a from 
time to time in the same subject as long as the condition of the Aesiclc 
lemains the same Paitial or total dilatation of the seminal Aesicle 
occuis commonly in cases of chionic Aesicuhtis of seAeral months' 
duiation This dilatation is thought to be atonic in nature and is not 
peimanent if the inflammation subside? Dilatation of the ampulla ol 
the A as deferens oi of the ejaculaton duct occurs as the result of 
organic strictui e and aa hen present to an\ degree remains permanenth 
Diminution m the caAit} of the Aesicle is a constant obscrAation in 
acute gonoiiheal epididjinoAesicuhtis and is thought to be due to 
inflammatoiA SAAelhng of the Aesical AAall It is temporar\ and dis- 
appears AAith recoAcry tiom the disease Contraction of the A\all of the 

46 LotSA , G O Sur Ics chfficiiltes causecs par la billnrzio--c clans 1 examen 
radiograpliique dcs a ones urinaires, Bull et mtm Soc de radiol nud de Tn’iice 
17 232 (TuIa) 1929 

47 Sargent T C Interpretation of the Seminal Vesiculocram RidiulozA 12 
472 (Tune) 1929 
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■\ebicle, with extienie decieabc of the cavit}, c\en to the point of 
obliteration, occuis as the result of long-standing inflammation, a change 
that IS obsened m the vesiculogiam in chronic vesiculitis, either of 
gonoriheal oi of tuberculous origin The vesiculogram reveals abscess 
of the seminal ^eslcle, when piesent, and communication with its cavit\ 
Obstiuctions of the seminal tiact, as well as anomalies of the \as and 
seminal \esicle aie levealed in the \esiculogiam 


ANOM \LH s 


Hint studied at neciops) fifh-one male and fift\ female infants 
Sixt}-tlnee weie stillborn the lemaindei lived foi periods of from a 
tew minutes to twehc dais \nomahes of the uiinaii tract were 

obsened in five cases In one case bilateial pol}C)stic kidneis weie 
piesent, the light kiclnei weighed 15 Gm and the left kidnev, 12 Gin 
Both weie completely cistic, and the pehes weie small In the second 
case the cause of death was intracranial hemoirhage and prematuiiti 
Theie was paitial stnctme of the left uretei 1 cm aboie the uretero- 
\esical junctuie Mild dcgiees of Indio-iueter and hydronephrosis 
weie piesent The left uietci w'as 5 mm in diametei, and the right 
2 mm Theic w^as definite naiiownng of the left uretei about 2 cm 
below' the kiclnei Each kidney w'eighed 6 Gm In the third infant 
both kidne}S weie polycystic, and theie w'as complete stiictine of each 
meter just below the kidneys The uretei s w'ere patent from the stric- 
tines to the bladdei, but w'ere delicate and thm-w'alled The right 
kidney w'eighed 4 2 Gm and the left, 4 7 Gm The fourth case w'as that 
of a stillborn, prematuie male infant The urinary anomaly m this 
case w'as such as to be incompatible with continuance of life for am 
length of tune The light kidney and ureter u'ere absent The et 
kidney weighed onl}' 2 Gm and appeared to be a fibrous mass, a 
pelvis w'as not demonstiable The left ureter w'as small and delicate, 
it was obliteiated just below' the kidney but was patent from the pou 
of obhteiation to the bladdei In the fifth case the patient 
piemature girl, aged 10 days The cause of death w'as a defect in 
mteiventiiciilar septum Theie w'as almost complete stricture o 
left luetei just below the lenal pelvis, w'lth marked left 
The pehis w'as about five tunes normal size, and the cortex 
siderably thinned The left kiclnei w'eighed 16 3 Gm and tie & 

10 2 Gm 

-rr-n n, ■ A T D^S 

48 Hurt, A S Anomalies of the Urinary Tract in Infants, m 
38 1202 (Dec ) 1929 
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EXPLORATION OF THE PERICARDIUM AND 
DECOMPRESSION OF THE HEART 


REPORT OF CASES 
WYMAN WHITTEMORE, MD 

BOSTON 

The tiansactions of this society contain few articles devoted to sur- 
gical treatment of the heart Because it is not given to any one suigeon 
to have many of these cases, it is important foi members of this society 
to lepoit such cases in ordei that a considerable numbei of cases ma} 
be grouped collectively foi individual study Following this idea, it is 
my desire briefly to report two cases 

REPORT or CASES 

Case 1 — A man, aged 22, entered the Beth Israel Hospital, Boston, on Jan 
7, 1929 A week previously he had been struck on the left side of the chest b\ 
an automobile, and within three or four da^s pneumonia de\ eloped m the left 
lung 

On entrance to the hospital the temperature vts 104 F , pulse rite 120, 
respirations, 30, and blood pressure, 112 svstohc and 56 diastolic The sputum 
contained type IV pneumococci Examination of the blood show ed 5 230 COO "cd 
corpuscles , 16,000 ivhite corpuscles, and 97 per cent poh morphonuclears -kt the 
end of ten days, the temperature, w'hich had gradualh come down to 99 F began 
to rise again, and signs of fluid developed in the left side of the lower jiart oi 
the back Aspiration thirteen da\s after entrance obtained pus with pneumococci 
which proved to be type IV The emp 3 ema was drained the same da\ and a 
section of the eighth rib was remoecd under local anesthesia Three dies later 
the temperature was normal but the following dae it rose to 101 F with a faint 
pericardial rub Two daes later the patient was seen b\ a medical consultant, 
who found definite pericardial friction rub and expressed the belief that sup- 
puratne pericarditis W'ould deeelop Ten da\s after operation, roentgenograms 
of the chest showed “a small amount of fluid present m the left side There 
w'as a triangular area of increased dcnsit\ which merged with the right border 
of the heart, hut did not obliterate it The lung field was clear The possibihte 
of pericardial effusion could not be ruled out’ Three dais later roentgenotrrams 
showed “cardiac shadow as of w atcr-lxittlc shape with the characteristic appear- 
ance of a large pericardial effusion’ The tollowmg dai the perie irdiiim \ is 
aspirated on both the left and the right side but nothing \ is oht lined Four 
dais later seicnteen dais after the operation a roentgenogram showed the cardi ic 
shadow shghtli larger than before The patient seemed to be losing ground grid- 
ualli iiith considerable abdominal distress Tlie ibdomen w is distende-<' '•nd 
lonnting occurred two or three times each dai 

It was decided that exploration of the pericardium was justVed ii sj,i>e ri 
the lact that nothing had been obt lined hi aspiration On Febrii i^\ lx rn e'e i 
dais Titer the operation lor empiema uimer local aie'tiie'n s^coi n ‘n 
loiirth costal cartilage on the lelt was reinoicd the per e-^dn’ i ' eg* j'' 
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and a considerable amount of thin fluid was obtained It was felt that there iias 
probably a pocket of frank pus somewhere in the pericardium, and so the patient 
w'as given ether and a section of the fifth costal cartilage w'as renio\ed The 
opening into the pericardial cavitj w'as enlarged and the pericardium explored 
There were many adhesions, both anteriorlj and posteriori}^, betw-een the heart 
and the pericardium Some of these were broken np, and a cavity posterior to 
the heait containing considciablc ihm, slightly blood} fluid was opened into This 
posterioi ca\ it\ w as drained w itli a small rubber catheter and the anterior cavit} 
wnth a cigdiet wick Culture from the fluid contained pneumococci 

The da} after the operation the patient’s temperature w'as normal, the respira- 
toiy rate was 20 and the pulse rate, 90, all abdominal symptoms had disappeared 
His temperdture remained normal for the rest of Ins sta} in the hospital, and he 
W'as discharged on March 10, thirt}-nme da}s after the operation for empyema, ' 
and tw'enty da}s after the operation on the pericardium, wntli both einpiema and 
pericarditis litaled 

Three da}S before discharge, roentgenograms showed dulness iii the left part 
of the chest, the result of a thickened pleura There was no evidence of fluid 
The left side of the heart appeared to be somewhat enlarged, but there was no 
esidence of pericardial effusion 

Three months after leaving the hospital the patient was allowed to return to 
woik, he has been woiking steadih since then, and is m normal liealtl\ 

My leason foi lepoiting tins case is that the opeiation was done in 
spite of the failuie to obtain anything by aspiiation of the pericaidiuni 
Foi }eais thoiacic suigeons have been accustomed to exploie the pleural 
cavity when there is good reason to do so, and theie is no leason why 
the peiicaidial cavity should not be exploied with just as much safety 
as the pleuial cavity when theie aie indications to justify it 

The second case is one of a gieatly enlaiged heait due to valvular 
disease, m which it was hoped that caidiolysis rvould be of benefit 

Case 2 — An American schoolboy, aged IS, entered the Massachusetts Gener^^^ 
Hospital on Jan 3, 1930, complaining of w'cakness and shortness of 
had been gradually increasing for the past seven months There w'as no 
of rheumatic fever or chorea At the age of 5 he had had measles o ^e^ 
repeated earaches and a discharging right ear The ear condition appear 
cured after tonsillectomy one year later There had been no subsequei 
throats jje 

Seven months previous to entrance, a few' days after a fall 
had apparently suffered no ill effects, he noticed a swelling o t le 
and legs while trying on shoes An hour or so later he resuu'^^ 

collapsed on arriving home He remained in bed five w'ceks, an g^ended 
activity gradually during three more w'eeks At the end of this not 

a summer camp for one month, where he exercised vigorous y ^ lie 
feeling w'cll Four months before entrance his feet began to sw'C 
had some shoitness of breath and palpitation after being up a folloiung 
in bed for the next two months, and then attended schoo or lien 

month He did fairly well until one month before coming to i (-ontmued t® 
he caught a cold, and a nonproductive cough developed, w' uc i to 

the time of writing Three weeks before I first saw' him his jj,s Ic?' 

swell so much that he w'as unable to open his eves in t le m 
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swelled to his knees if he ^^as on his feet too long, and he became dispneic on 
slight exertion Two weeks before, he began to \omit, and he had \omittd nearh 
everj'thmg eaten since 

Ph 3 sical examination on admission showed a fairh ^\elI de\ eloped and nour- 
ished bo 3 " bung flat in bed There was no pain, the breathing was rapid, and the 
face was puff 3 " and flushed The heart was enormousl 3 ’' enlarged There were 
S3'Stolic and diastolic thrills, wnth pres3Stolic, s3’^sto]ic and rumbling diastolic 
murmurs of the apex and to and fro murmurs at the base There w'as no second 
sound in the aortic area, but distinct and somewdiat accentuated sounds at the 
pulmonic area There w'as marked pulsation m the neck The blood pressure 
w’as 120 systolic and 80 diastolic The abdomen was tense and distended with 
some gas and a considerable amount of fluid There was no edema at the ankles 
or sacrum 

Laborator 3 f examination on admission showed that the urine was normal The 
red blood count w'as 5,200,000, the wdiite blood count, 19,000 A smear showed 
polymorphonuclears, 55 per cent, lvmphoc 3 tes, 36 per cent, wuthout abnormaht 3 ' 
of an 3 " of the cells, the platelets w'ere normal The stool was normal The 
Hinton test gave negative results The liver function test (brown sulplithaleine) 
showed from 5 to 10 per cent retention after thirtv minutes 

On admission the diagnosis w'as rheumatic heart disease with pericarditis, 
possibly adhesive A roentgenogram of the heart taken at a distance of 7 feet 
showed “enlargement in all diameters, wnth the cunes of the pulmonari conus 
and auricles particularly prominent ’’ 

An electrocardiogiam taken on Januar 3 ' 6 showed normal rintlim, rate 100, 
a tendency to right axis deviation, low' \oltage Q R S j, — 38-3, QRS=, — 4 
On Januar 3 7, the cardiac consultant gaae the opinion that “anasarca with ascites 
at the age of 15 W'lth evidence of cardiac disease makes the diagnosis of chronic 
pericarditis involving the mediastinum almost certain” He found iinohcmeiit 
of the mitral valve w'lth regurgitation The size of the heart and elect rocardio- 
graphic observations also fa\ored a diagnosis of adherent pericardium, ])resumabl\ 
rheumatic He advised the use of digitalis, and mersal 3 l, 1 cc e\er% three da\s 
The prognosis at that time was poor 

The follow'ing da 3 ' the cardiac consultant said that the condition was ‘ ictne 
and chronic heart disease with mitral imohement and undoubtedh chronic peri- 
carditis” He expressed the belief that cardiohsis should be serioush consideied 
The same da 3 ' roentgenograms showed no eiidence of fluid in the pericardium 

For the follow'ing ten da 3 s the patient had a wadeh swinging temperature as 
high as 103 F, witli a Ieukoc 3 tosis of from 12,000 to 20,000 Digit dis v as gi\en, 
lyi grains (009 Gm ) dail 3 , a total of 15 grains (097 Gm ) Iktwccn Januars 
4 and 14 he recened 60 grains (3 9 Gm ) of ammonium chloride daih From 
lanuar\ 5 to Februar 3 7, nine doses of mersahl, either 1 or 2 cc were gnen 
intraecnoush On Jamiar\ 10, slight tenderness dc\ eloped m two loints Sali- 
cilates, 40 grains (26 Gm ) daih, were gnen between laninri 10 ind 27 Four 
blood cultures between Januare 8 and Fcbruar\ 2 were neerafne During the 
first nine da\s, the generalized edema decreased markedh owing to hri'k duirc i= 
The patient showed a loss of 25 pounds (113 I\g ) >.o eeideiice oi acti\e e'ldo- 

e irditis was found except as sngge-ted b\ the ie\er and kukoce ei-is B\ 

I iiiuarv 23 the patient had regained 11 pouiuF (5 Ktr 1 and iscites h wl been 
increased Mersahl at this tunc is recorded as basing earned m e'Celle-it diustsi- 

On Tanuan 24, consultation was held Cirdioh-is w is c-r'Kkred ” rhca» a 
but was postponed lor two or three weekv more <•! re-i ■>dmni!',''a*!r r d 
and diuretie-- in the hope that the iiiiectuin and ikci'iuper at rn \o''a sty { 
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For the rext ten days, edema increased with little or no alleviation by diuretics, 
and cardiac embarrassment became more marked The temperature fluctuated 
between 98 6 and 100 F 

Roentgenograms taken on January 31 showed the heart shadow somewliat 
increased in diameter across the auricles, with evidence of fluid in the pen 
cardium 

On February 7, m a second consultation it was concluded that the recent 
increase in unfavorable symptoms and signs warranted operative intervention 
This was defined to mean rib resection, with evacuation of pericardial fluid if 
present, and excision or section of the pericardium if adhesions or a fibrinous 
pericarditis uas found It was felt that the increase in stasis of the head and 
the upper extremities, combined with the small paradoxic pulse, favored the 
diagnosis of pericardial effusion with compression of the great vessels 

The patient was prepared for operation by continued administrations of digi- 
talis, mersahl and morphine On February 8, an operation was performed This 
was begun under local anesthesia, but within a few minutes the patient became 
ver}”- nervous, and it seemed wise to change to light ether anesthesia The sternal 
ends of the third, fourth and fifth ribs were resected, and the portion of the 
sternum overlying the pericardium was removed During this procedure it was 
reported that the blood pressure could not be obtained, but as soon as the bony 
structures overlying the pericardium were removed it was noted that the heart 
beat w'as much stronger, and at this time the blood pressure w'as reported as 120 
systolic and 80 diastolic This was encouraging The pericardium was found 
adherent to the anterior part of the thoracic wall, but when opened, contained no 
fluid A portion of the pericardium about V/z inches (3 7 cm) square was 
excised Exploration of the pericardial cavity revealed dense adhesions between 
the heart and pericardium around the apex and along the left border The defect 
in the thoracic avail w'as closed by muscle, fascia and skin The patient stood the 
procedure well , on return to the ward, the blood pressure was 120 systolic an 
80 diastolic This dropped somewhat but rose to the same height avithin four 
hours after operation Although slightly^ dyspneic, the patient was fairly com 
fortable 

The followung morning the patient was sitting up m bed reading the news 
paper, and declared that he felt very much better Edema of the upper evtreffl 
ties and face had completelv subsided, making it difficult to 
although the sw'elhng in his legs remained The temperature w'as 101 > 
came down to normal during the next five days On February 14, six 
operation, he w'as seen by a heart consultant who said that there was 
improvement follow'ing the operation, with a fuller pulse, increased bloo . 

and less edema of the face The dependent edema and dyspnea had 
appreciably He said that the use of digitalis should be continued, 
being administered daily, w'lth more diuretics Tw'O cubic centimeters o 
administered intravenously might help to make more evident any 
resulting from the operation After five days his condition gra ua y 
for the worse The temperature remained at 101 F , edema of ^^erc 

ties increased Because of nausea and vomiting, the daily doses o ig' 
omitted The urinary output following the administration of ^ tliminul'ca 

from 20 to 40 ounces (567 to 1,134 Gm ) There w'as no apprecia e^ ([^spiica 
of edema From February 15 to 17, the patient grew' rapidlv 
increased , tracheal rales developed and w'ere audible at a distance j„(.rea c(f 
17, tlie blood pressure dropped to 70 systolic and 40 diastolic benma*'- 

and the patient w'as semicomatose Epinephrine, caffeine an so 
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were given intravenouslj^ The pulse became stronger Three hours later the 
patient died before stimulants could be given Unfortunateh', there was no 
autopsy 

This case did not show the classic signs of adheient pericai ditis, such 
as letraction with each systole and Bioadbent’s sign, nor was there a 
bulging of the pericardial region due to the gieat size of the heait 

Befoie undertaking the operation theie weie gieat doubts as to the 
value of caidiolysis in cases of enlaigeinent of the heart, but it was 
felt that if theie was adherent pericaiditis associated with hypeitioph} 
of the heait, and if at operation some of the adherent peiicaidium could 
be leinoved in addition to the excision of the ribs and sternum oveijling 
it, theie was a possibility of impiovement Theie can be no question 
but that theie was temporary impiovement, the improvement, howevei 
lasting only four or five days Disappearance of the edema of the face 
and uppei extiemities twenty-four hours after opeiation was encour- 
aging, but although it is always unfaii to diaw conclusions fiom an 
isolated case, it would still seem doubtful wbethei the opeiation of 
cardiol}sis is of sufficient value m cases of enlaigeinent of the heait to 
justify its use in these despeiate situations 

COMMENT 

I have chosen these two cases because I believe that progiess in 
thoiacic surgery depends to a laige extent on the shaiing of failuies 
as well as of successes, for only m lepoiting and compaiing vaiious 
expel lences m this little known field can one foim ani leal estimate 
of the lasting significance of any new suigical undertaking 



PERICARDIECTOMY IN THE TREATMENT OF 
THE PICK SYNDROME 


EXPERIMENTAL AND CLINICAL OBSERVATIONS* 

CLAUDE S BECK, MD 

AND 

R A GRISWOLD, MD 

CLCVrLAND 

INTRODUCTION 

With the advent of asepsis, surgery enieiged from the doldrums, 
where it had stood foi centuries, and entered a period of unpiecedented 
activit} and advancement A new era, that of opeiative development, 
had suddenly dawned With bountiful promise for eveiy new endeavor, 
surgery advanced from the beginning to almost the end of that great 
period in a mere half century Within the short span of a surgeon’s life 
this histone development could have been seen m paiioiannc view 
Pei fected and diversified as this development has been, sui gery of the 
cential circulatory system, of the heait with its pericardium, has not 
kept pace with the advancement in othei fields 

The foundation for the development of cardiopencai dial surgery 
has not yet been completely assembled^ This last gieat “Northwest 
of Suigery” stands today m a position scarcely more favorable than that 
occupied by abdominal suigeiy when the gieat Mikulicz ad^ocated 
exploiatoi)^ lapaiotom}'’ for obscure abdominal conditions The idea 
of exploratoiy pericardiotomy is greeted, even by suigeons of extenswe 
experience, with surprise and spontaneous disfavor Physicians, m 
general, do not believe that removal of the pericardium is worth while 
in the treatment for the Pick syndrome Their objections, a pno/ij 
are 1 The difficulties of the opeiation give to it a special hazar 
2 After the adhesions have been separated and the pericardium ©s 

^ From the Laborator}’- of Surgical Research, the Lakeside Hospital, and 
Western Reser\e University School of Medicine 

1 Although surgeons have repeatedlj'' opened the pericardial 
atmospheric pressure, the effect of pneumopericardium on the mec lani^^ 
circulation has just recently been studied (Beck, C S , and Con, ^ jq2j 
Effect of Pencardiostomj on the Mechanics of the Circulation, Arch ur^ 

[Dec Part I] 1930) Although a number of surgical attempts to {o be 

cardiac ^ ah es ha\ e been made the physiologic basis for this v or ' is 
elucidated So far as u e are aware, determinations of intrapericar « P ^ 

health or disease, in man or in ]aborator\ animals, are ) et to be ta en 
patient ductus arteriosus is ^et to be ligated 
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been removed, adhesions between the heart and its surrounding struc- 
tures will surely reform 3 The fibrosis extends into the cardiac 
muscle and a simple peeling off and removal of the pericardium would 
not be followed by a permanent improvement Add to these ob]ec- 
tions the uncei tainties of diagnosis, and the reluctance of physicians 
to accept this operation can be accounted for 

Pericaidiectomy in the treatment foi the Pick S 3 mdiome is followed 
by lesults nothing short of brilliant What a pity that the diagnosis is 
so difficult and so infrequently made clinically > Because of the uncer- 
tain recognition of this condition, we champion diagnostic pericardi- 
otomy in selected cases of circulatory failure of obscure cause 

Our investigations on the subject of adhesive peiicarditis have been 
both expel imental and clinical Beginning with the primaiy purpose 
of pioducing the Pick syndrome expei imentally and relieving it subse- 
quently by operation, the work as it piogiessed took on a numbei of 
illuminating and, we believe, important aspects 

In this paper the discussion is confined entirely to the condition 
vaiiously designated as concietio pericaidii, synechia peiicardii, sym- 
physis cardiaca, pencaiditis chronica adhaesiva and callous pencaiditis 
The term adhesive pericarditis is not always applicable to the condition 
undei discussion The clinical syndrome described by Pick may occur, 
as shown by our experiments, without the formation of adhesions 
between the heait and the pencaidium, also, the presence of generalized 
intrapei icai dial adhesions is not necessarily associated with the Pick 
sjndiome The essential feature of the condition is a compression 
effect exeited on the heart by the contraction of scar tissue We shall 
lefei to the clinical description of this condition by the term “Pick’s 
syndiome” without leference to the various factors that ma) liaAe 
pioduced the compression effect on the heart 

Conditions m which adhesions exist between the external aspect of 
the peiicaidium and its contiguous stiuctures are not discussed in this 
papei 

A lesume of the literatuie is gnen in the excellent articles b\ 
Schmieden - and Churchill ^ 

2 Schmieden V Ueber die Exstirpation des Hcrrbeulels, Zentralbl f 
Chir 1 46 1924 Die Heilung der schrumpfenden Pencardial-Sjnccbie diircb 
Exitirpation des Herzbeiitels, Acta chir Scandina\ 57 26S 1924, Xcuc Ergcb- 
nisce bei der Exstirpation des Herzbeutcls, \rch f khn Chir 138 552 1925 
Technique of Cardiohsis Surg G\nec Obst 43 89-93, 1926 A^olhard and 
Schmieden Ueber Erkenniing imd Bchandlung der Umklammening de= Herzen' 
durch 'chiclige Perikarditis Khn Wchnschr 2 5, 1923 

3 Churchill E D Decortication of the Heart (Delorme') for Adhc-ne 
Pencarditi' Arch Surg 19 14^7 (Dec") 1*^20 
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THE PICK SYNDROME PRODUCED EXPERIMENTALLY 

Adhesions between the heait and the pericardium can be piocluceci 
readily by the application of chemical irritants or by mechanical trauma 
to the epicardium or to the paiietal pericardium These piocedures 
have not resulted in any circulatoiy disability that is demonstrable 
clinically The adhesions pioduced by these methods consist of bands 
of fibrous tissue extending from one surface to the other usiiall} with- 
out completely obhteiatmg the peiicaidial cavity and without pioducing’ 
any thickening of the parietal peiicardium itself In a studi of the 
effect of surgical solution of chloi mated soda (Dakin’s solution) in the 
noimal pericardial cavity of the dog it was found that the solution pio- 
duced a profound i eaction ^ This consisted of hemorrhage caused by 
the erosion of small blood vessels, as the immediate reaction and of 
geneiahzed adhesive pericarditis sometimes with the development of 
polyseiositis, as a dela)'^ed reaction Death uniformly followed the 
development of polyserositis The syndiome of adhesive pericarditis 
and polyserositis pioduced by the application of surgical solution of 
chlorinated soda in the noimal pericaidial caMty of dogs was exactly 
similar to the condition desciibecl by Pick® in 1896, which beais the 
name of Pick’s disease 

The dog was anesthetized b\ ether or by sodium iso-amjdeth: I barbiturate 
injected intravenously Mechanical respiration was provided by the Erlanger 
apparatus through an intratracheal tube A short segment of the left fifth rib 
was resected subperiosteally and the thorax was opened Either the solution o 
chlorinated soda was introduced into the pericardial cavity through an aspiratiiio 
needle, or the pericardial cavity was opened and irrigated through a catheter 
Usuall}^ from SO to 100 cc of the solution was used and this was applied for a 
period of from fifteen to twentj’^-five minutes As soon as the irritant uas mtro 
duced, the pulse rate became rapid and after a few minutes the fluid 
hemorrhagic A small opening was usually left m the pericardium so that ^u^^ 
as It formed, could escape and thus prevent the development of cardiac tainpo’’ 

The air was expelled from the pleural cavitj^ and the wound was suture 
layers with silk ^1^ 

During the postoperative period the dogs were examined at 
The size of the cardiac shadow was determined by roentgenograms v uc 
taken at constant distances so that fairfi' accurate comparisons could 
Venous pressures were determined by the direct method of inserting u 
jugular vein an aspirating needle connected to an upright manometer an 
mining the height of a column of physiologic solution of sodium c i ori 

4 Beck, C S , and Moore R L The Significance of the Pericardium m 
Relation to Surgery of the Heart, Arch Surg 11 550 (Oct ) 192 

5 Beck, C S The Effect of Surgical Solution of Chlonna 

(Dakin’s^ Solution) in the Pericardial Cavitj Arch Surg 18 16a9 q,,. ^er 

6 Pick, Friedel Ueber chronische, unter dem Bilde der Le 

laufende Pericarditis (pericarditische Pseudolebercirrhose) nebst ® ^ 
liber die Zuckergussleber (Curschmann), Ztschr f klin Med 29 > 
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ported in the tube" Minute volume output determinations of the heart were made 
by means of the Fick principle Electrocardiograms were taken wnth the dog in 
various positions to show the presence or absence of the shift of the electrical 
axis of the heart The formation of fluid in the chest, abdomen and subcutaneous 
tissues was noted, as w'as also the weight, the circumference of the abdomen, the 
respiratory rate, the pulse rate and the condition in general 

Polyserositis did not always develop aftei this pioceduie In some 
expel iments, especially m those in tvhich a small quantity of the solu- 
tion was mtioduced, only a mild reaction followed In other experi- 
ments, m which the solution was mtioduced slowly and ovei a lelatively 
long period of time, neciosis of the myocaidium took place, and the 
experiment was teimmated intrapei icardial hemorrhage The degree 
of reaction necessaiy to pioduce polyserositis had to be learned h} 
experience, and unfortunately a large number of dogs w^ere used Undei 
favorable circumstances polysei ositis developed from one to three 
months after the solution vvas applied to the peiicardium It was oui 
expel lence that wdien pol 3 'serositis developed, the condition pi ogi essivel} 
became more marked and death usuall}' occuired wnthin a few days 
aftei ascites was clinically demonsti able, unless pericardiectomy w^as 
perfoimed In no expeiiment did the dog recovei spontaneously In 
the fiist experiments w^e w'ere novices in the perfoimance of the opeia- 
tion foi the relief of the condition and w'e needlessly lost a number of 
animals wuth maiked polyserositis It lequired consideiable expeii- 
ence befoie w'e appieciated fully the nairow maigin of toleiance for 
opeiation possessed b}^ the dogs wuth polyserositis A small anes- 
thetizing dose of sodium iso-ani) 1-ethyl barbiturate or the induction 
of ethei anesthesia w^as sometimes lethal The anesthetic and the aeia- 
tion of the lungs had to be observed cautioiish and conti oiled The 
opeiating table w'as heated The opeiation had to be earned out with 
dispatch 

EXPHRIMUNTS 

The following piotocols w'eie selected fiom about fiftv cxpci inients, 
not onh to illustiate spectacular cures effected bv pericardicctoim , but 
also to demonsti ate certain important consideiations in the operation, 
the pathologv of the condition and points of clinical interest in the 
com se of the experiment 

Expikimixt 1 (Dor 29-17) — The dog a female collie, weighed 24 Kg 
Oct 21 1929 Surgical solution of chlorinated sod i was injected into the pen- 
carduim 

December 7 The puKe rate was 128 and the venoti". pressure 40 min of 
water There was an audible sestohe rub The inimal bad shown no I'Cites 
evanosis or other signs ol decompensation 

7 Evster T \ E The Clinical \spccts eu \'epons Prisvu'e T o-l 

The Maemillan Companv 1^20 
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December 11 The operation was repeated The pericardium was only slightly 
thickened It was everywhere adherent to the heart The adhesions were 
separated and the pericardium was lavaged with surgical solution of chlorinated 
soda This dog was examined at weekly intervals Venous pressure readings 
were 0, 28 and 25 mm of water The pulse rate was never above 136 per minute 
No cyanosis or other signs of decompensation appeared 

March 15, 1930 The animal w'as killed At autopsy the left lung was found 
to be adherent to the pericardium The pericardial cavity was completely 
obliterated by fibrous adhesions, but the pericardium was not thickened Ihere 
was no exudate on the liver and no congestion of the viscera 


Comment — This expeiiment showed that obliteration of the peri- 
cardial cavity by adhesions need not produce cardiac disability Unless 
the pericaidium was thickened and contracted so as to interfere with 
the expansion of the heart or unless theie weie firm adhesions to 
surrounding resistant stiuctures, decompensation did not occur 


Experiment 2 (Dog 29-6) — A female collie weighing 9 2 Kg was used 

Aug 20, 1929 The pericardial cavity was irrigated with surgical solution of 
chlorinated soda 

October 3 fluid was present in the abdomen and chest The subcutaneous 
tissues were edematous The pulse rate was 140 per minute The red blood cell 
count was 4,984,000 The minute volume output of the heart was 467 cc This 
represents about one-fourth the normal cardiac output for a dog of this size 
Pencardiectomy was decided on Sodium iso-amyl-ethyl barbiturate, 05 Gm, 
was given intravenously The abdomen was tapped and the dog died Generalized 
edema of the subcutaneous tissues was present The right side of the chest con- 
tained 210 cc , and the left side 140 cc , of clear fluid The lungs weighed 85 Gm , 
they were air containing and showed no edema The heart seemed to be smaller 
than normal The pericardium was thickened and appeared to have shrunken 
It was everywhere adherent to the heart by fibrous adhesions There were no 
pockets of fluid within the pericardium (fig 1) The abdomen contained 1,320 cc 
of clear fluid The liver was slightly congested and there was a layer of fibrin 
between its lobes It weighed 500 Gm The spleen and kidneys were not con 
gested 


Comment — In this experiment polyserositis and edema of the su 
cutaneous tissues developed within six weeks after the solution 
introduced into the pericardial cavity (fig 1) The minute voluni 
output of the heart before death was greatly decreased 
cardium and the heart seemed to be smaller than normal Undou te 
pencardiectomy would have relieved the heart of this impediment, 
shown b}'- other expeiiments 

Experiment 3 (Dog 29-29) — A male mongrel collie weighed 15 3 
1929 Surgical solution of chlorinated soda was injected into tie P 


cavity , , jiiado" 

December 21 A roentgenogram showed that the cardiopericar 
had definite^ increased in size The venous pressure was 170 mm ^ 

December 30 There w^ere no signs of fluid m the chest or ab om^ ^ 

edema The venous pressure was 112 mm The dog was mactne 
its appetite 
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Jan 6, 1930 Edema of the scrotum had developed Fluid was present m the 
abdomen The circumference of the abdomen was 56 cm , the dog weighed 
17 2 Kg The respiratory rate was 36 per minute, the pulse rate 180 and the 
venous pressure 160 mm 

January 13 In roentgenograms the cardiopericardial shadow had definitely 
increased m size The diaphragm was elevated Fluid was present in the chest 
The animal weighed 17 8 Kg The respiratory rate was 36 per minute, the pulse 
rate 184 and the venous pressure 220 mm A systolic rub was heard over the left 
side of the chest The dog was listless and inactive The circumference of the 
abdomen was 62 cm Electrocardiograms taken with the dog lying on the right 
side and then on the left side showed a shift of the electrical axis with change of 



Fig 1 (experiment 2, dog 29-6) — The heart and the pericardium seemed to 
be smaller than normal The pericardium -was thickened and generalized intra- 
pcricardial adhesions vere seen The Pick sandrome was present 


IKisition The minute aolume output of the heart was 1 -ISO cc (The normal 
minute aolume output of the heart m a dog of this weiglit is djout 2,200 cc ) In 
inserting the aspirating needle through the pericardium and heart lor specimens of 
a cntricular blood, definite resistance aaas encountered in passing the needle through 
tlie pericardium 

Tamiara 16 The a\ eight oi the dog aaas 18 275 Ker The 0 ^ 01101:^^100 o’ 
the abdomen aaas 68 cm The puKe rate aaas 172 per minute Respirations ae'C 
1 iborcd, the rate being 44 per niiiiute \n operation w-’s penormed Tiie suL,cn- 
t iiieous tissues and muscles aaere edematous and the aeins of the thor c'c all 
aaerc congested Seaeral iiiclics 01 the leit liith rib were remoaeei Tic cues' 
eomauied 300 or 400 cc 01 blooda fluid The per!ca’'d”UT' Tie 
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heart was pulsating feebly It was apparent that immediate measures were 
necessar}' to free the heart from its encumbrance We cut through the thickened 
pericardium and felt with the finger for the plane of cleavage between the heart 
and the pericardium Unfortunate!}', the plane could not be found and the finger 
dissected into the wall of the left ventricle After considerable difficult}, the 
pencaidium was dissected free, but at this time the heart was no longer pulsating 
Epinephrine was injected into the heart, which was then massaged A few feeble 
pulsations weie obtained, but they did not become forceful 



Fig 2 (experiment 3, dog 29-29) — Several layers of laminated scar in\o 
both the parietal pericardium and the epicardmm It was impossible, 
specimen at necropsy, to remove this scar completely without injun^^^^^^^ 
coronarv vessels and the myocardium The tear in the muscle was 
operation m the attempt to find a line of cleavage 


The specimen was of great interest (fig 2) The adherent 
epicardium appeared similar to those in the human being m 
These structures were seieral millimeters in thickness and ^ j to be tb^ 

nated After we had removed from the heart what we consi tlic 

parietal pericardium there remained another fibrous la\er o\er le 
heart, after the latter laier was dissected free there nas m paces 
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la\ei lntlmatel^ in\olving the coronaiy ^essels and mjocardium It was impos- 
sible to remove the entire scar with the scalpel without cutting down to the muscle 
fibers and the coronar\ vessels If attempts at a dissection of this kind were 
carried out on the pulsating heart, the possibihtj^ of cutting coronary vessels 
would be great The heart w'eighed 160 Gm 

Iilicroscopicall}', the thickened pericardium and epicardium were composed of 
connectne tissue elements coinpactlj'^ ai ranged It was everywhere hyalinized and 



Fig 3 (experiment 3, dog 29-29) — Deposition of scar involving parietal peri- 
cardium and epicardium A was separated from B at operation Another plane 
of cleavage is present m B at a The scar did not deeply invade the myocardium 
appearing at the bottom in B, but the coronary vessels were involved in the scar 


contained few' blood vessels There was little, if any, leukocytic infiltration This 
hj almized tissue was intimately adherent to the parietal pericardium and epicar- 
d>um (fig 3) The scar tissue formation w'as limited by the epicardium and it 
did not imade the underlying mvocardium 

The lungs were air containing, weighed 130 Gm and showed no edema or con- 
solidation 
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^o (experiment 3, dog 29-29) — On the surface of the Iner a thin fibrinous 
present , between the contiguous Jobes there was a thick deposition 
° K These fibrin deposits developed in the course of six weeks It ’ 

pro a e that had the experiment continued over a sufficientli long period ot 
time the classic “zuckergussleber” might have formed 
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The abdomen contained 2,000 cc of straw-colored fluid The Iner was 
markedly congested and weighed 560 Gm \ point of great interest was the 
presence of a thin laAcr of fibrin on the diaphragmatic surface of the liver (fig 4) 
This fibrinous layer lay in thick plaques between the various lobes of the liver, 
trom which it was easilv separated The fibrin was ananged m laminae and was 
aiascuiar Where it was attached to the liver theie was considerable infiltration 
Mith round cells, but elsewhere it contained only an occasional leukocyte (fig 5) 



Fig 5 (experiment 3, dog 29-29) — A laminated exudate of fibrin, devoid of 
leukocytes and loosely attached to the capsule, was present on the liver 

The capillaries around the central veins of the liver were distended with blood, 
and the parenchyma m these areas contained an increased amount of fat 

The spleen weighed 42 Gm and revealed some congestion The kidnejs 
weighed 83 Gm and showed capillarv engorgement 

Comment — Although the peiicaidium and the epicardium were ever}- 
tvhere scarred and adherent, the electrical axis of the heart shifted with 
change m position In this case we failed to relieve the adhesive pen- 
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carditis b} opeiation chiefl} because we delated opeiation to the point 
uheie death fiom decompensation was imminent The dog was Mater- 
logged and theie ivas no caidiac leseive to make the operation success- 
ful Complete resection of the scarred pencaidium by sharp dissection 
rvas impossible even at necropsy The involvement of epicardmin 
and coionai} vessels with scai was so intimate that the danger 
of injuiing coionaiy vessels in the dissection uas gieat (figs 2 and 3) 
This possible dangei undoubtedly may exist in ceitain cases in the 
human being and may add to the hazard of the operation 

The thickened, leathei}’’ pericardium gave a definite sense of resis- 
tance to the aspiiating needle when the ventiicles weie tapped for speci- 
mens of blood This sense of lesistance could peihaps be utilized 
clinicall)’^ in the human being as a diagnostic adjunct in questionable 
cases of adhesive peiicaiditis 


Experiment 4 (Dog 29-35) — A male mongrel weighed 98 Kg Dec 11,1929 
The pericardial cavity was irrigated with surgical solution of chlorinated soda A. 
preoperatne roentgenogram showed the transverse diameter of the heart to be 
6 5 cm and the longitudinal diameter 9 S cm 

December 24 The general condition Avas good and there a\ as no e\ idence of 
circulatory failure The minute A^olume output of the heart Avas 741 cc The 
venous pressure Avas 90 mm There Avere no signs of fluid The pulse rate 


Avas 140 per minute 

Jan 6, 1930 There seemed to be no change, the aa eight A\as 88 Kg 
January 13 The Aveight Avas 10 7 Kg The A'enous pressure aa'RS 210 nim and 
the pulse rate 156 per minute There A\'as slight edema of the scrotum and 
apparently some fluid m the chest and abdomen Electrocardiograms showed no 
shift of the electrical axis of the heart AAoth change of position The circum 
fercnce of the abdomen AV'as 52 cm The transAerse diameter of the heart was 


6 cm and the longitudinal diameter 8 4 cm , as shown by the roentgenogram 
Januar) 16 There Avas marked ascites and CA'idence ot fluid in the chest 
The pulse rate per minute Avas 158 and the respiratorA rate 24 The circum 
ference of the abdomen AA'as 56 cm The scrotum was edematous It wa- 
decided to make another cardiac output determination before pencardiectomA wa^ 
earned out During the cardiac puncture the dog coughed up a little bloo an 
died At autopsA the chest Avas filled Avith blood\ fluid and there Aias a 
amount of pink fluid in the abdomen The soft tissues AA^ere edematous 
Aeins Avere distended Both lungs AAere extensiA^eh adherent to the pericar 
and there AAere adhesions to the scar of the thoracic AAmll on the left si e 
pencardio-diaphragmatic ligaments AA'ere thickened and tense The pane a 
cardium aa as everyAvhere tightly adherent to the heart and m some p aces 
be separated onl} bj^ sharp dissection (fig 6) Oc'er the right ' 
myocardium Avas dark, as though it had been burned deeph AAith surgica 
of chlorinated soda The lungs AA'ere edematous, and the liA'cr A\as coi o 
There aa as a thin fibrinous exudate OA'eix the- surface of the Iia er 


Comment — In the light of later experience it AA'ould seem that p 
cardiectom} should haA'e been earned out earlier The dimuiut 
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the size of the heait in this dog by reason of shrinkage of the peri- 
cardium was marked The fixation of the electrical axis of the heait 
was explained by the adhesion to the wall of the chest and by the thick 
tense peiicaidio-diphiagmatic ligaments, which acted as guy wiies, 
holding the heait fiimly m position (fig 6) 

Experiment 5 (Doc 29-S) — A male mongrel police dog weighed 22 2 Kg 
Aug 19, 1929 Surgical solution of chlorinated soda was injected into the peri- 
cardial cavity 



Fig 6 (experiment 4, dog 29-35) — The pericardium is opened and dissected 
from the epicardium The adhesion to the chest wall and the thickened pericardio- 
diaphragmatic ligaments account for the fixation of the electrical axis of the 
heart with change of position 

October 1 A sjstohc friction rub was heard o\er the right side of the chest 
The jugular veins were distended The tongue seemed to be slightlj C 3 anotic 
There vas no demonstrable ascites or fluid in the chest The dog weighed 
184 Kg 

October 12 The abdomen was greatly distended with fluid, and edema of the 
scrotum and of the paws was present The cardiac sounds were faint The rub 
had disappeared The tongue was cjanotic and the jugular reins were distended 
The chest contained fluid The pulse rate was 156 per minute and the respiratorr 
rate 20 The temperature was normal, the red blood cell count was 4,480,000 
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and the hemoglolnn content 60 per cent The minute \olume output of the heart 
was 1,684 cc (the normal minute volume output for a dog of this size is well 
over 3,000 cc ) , 2,260 cc of straw-colored fluid was removed from the abdomen 
The roentgenograms showed a large globular heart 

October IS Marked edema and polyserositis were present The minute 
rolume output of the heart was 908 cc Aspiration of the abdominal cavity 
iielded 540 cc and that of the pericardial cavity 14 cc 

Pericardiectomy was decided on, but the injection of 05 Gm of sodium iso- 
amj 1-ethyl barbiturate was followed by the death of the dog The right side of 
the chest contained 400 cc , and the left side of the chest 50 cc , of bloody fluid 
There was 300 cc of clear fluid in the abdomen The pericardium was thickened 
There were no extrapericardial adhesions The pericardial cavity contained about 
100 cc of clotted blood There were some fibrinous adhesions between the peri- 
cardium and the heart The lungs were everywhere air containing and showed no 
edema, they weighed 262 Gm The surface of the liver was adherent to the 
peritoneum by fibrinous adhesions, and between contiguous lobes of the liver a 
well marked fibrinous exudate was present The liver, spleen and kidneys showed 
capillary congestion 


Comment — The acutely developing cardiac failuie in the foregoing 
experiment was caused pai tly b) the tamponade produced by the blood 
clot in the pericardial cavity A maiked degree of cardiac decompensa- 
tion developed Fluid was present in the chest and in the abdomen 
Subcutaneous edema had developed The minute volume output of the 
heart was greatly i educed The cardiac reserve was ml at the time we 
intended to peiform pericardiectomy This operation should have 
been perfoimed before the decompensation became marked 


Experiment 6 (Doc 29-21) — A male mongrel collie weighed 10 1 Kg Nov , 
1929 Surgical solution of chlorinated soda was injected into the pencar la 
cavity 

December 7 The weight of the dog was 129 Kg There was no deinon^ 
strable fluid m the chest and no edema of the extremities The jugular veins 
were dilated and the venous pressure was 55 mm Five hundred cubic centimeters 
of pink fluid was removed from the abdomen 

December 9 The dog was somewhat listless and weak The minute vo u 
output of the heart was 1,316 cc (The normal minute volume output or a » 
of this weight IS about 1,800 cc ) 

December 10 Fluid had formed in the abdomen, and it was 
an immediate operation was necessary to save the dog Edema was presen 
tissues of the chest and abdomen The minute volume output of the en ^ 
1,451 cc In drawing the samples of blood from the heart it was 
definite resistance was met by the aspirating needle in passing throng i 
cardium The abdomen was tapped, and 500 cc of straw-colore 
obtained The dog was placed on a warm operating table, and et er a 
was started The left fifth rib was removed There was no free 
chest The lung nas found to be adherent m small areas to tie 
The pericardium was picked up and incised It was about 3 mm ’ gjj^\herc 
and fibrous Much to our surprise, the pericardium nas not ad yhc 

to the heart The left phrenic nerve was dissected irom the yp over 

pericardium was then u idely resected over each side of the hear , 
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the auricles At this point the tube slipped out of the trachea and the anesthetist 
inserted it into the esophagus By the time the tube was reinserted into the trachea 
the heart was at a standstill After the administration of epinephrine the heart 
began to pulsate, but the pulsations did not become forceful Closure was carried 
out, but b}' the time the wmund w'as sutured the heart had stopped beating 

The epicardium w'as covered by a thin film of fibrous tissue, wdiich subse- 
quently might have impaired the diastolic evpansion or filling of the heart 
(fig 7) The heart seemed to be smaller than normal, it w'eighed 76 Gm 
Microscopicalh , the scar laj entirelj exterior to the epicardium, show'ing no 
involvement of the underljing elements The scar of the parietal pericardium 
was several millimeters thick and show'ed some infiltration with leukocytes The 
lungs weighed 103 Gm and w'ere moderately edematous ^Iicroscopically, a few' 
scattered areas of lobular pneumonia were found, together wuth well marked 
congestion The abdomen contained 200 cc of fluid The liver w'as congested 
and weighed 530 Gm A fibrinous evudate w'as present betw'een contiguous lobes 
of the liver Microscopicallj , the surface of the liver showed a fibrinous exudate 
infiltrated w'lth leukocytes There w'as some congestion around the central veins 
The kidnejs showed some capillary congestion, especially in the glomerular tufts 

Comment — This experiment tvas especially instructive in that the 
fully developed syndrome of Pick’s disease was produced without any 
adhesions betiveen the peiicardium and epicaidium In this case the 
impediment to the circulation was produced by scar tissue formation in 
the parietal pericardium, ivithout any adhesions to the heart Peri- 
cardiectomy should have been followed by a beneficial result Had the 
epicardial scar (fig 7) continued to increase, hoivever, polyserositis 
might have developed again 

Experiment 7 (Dog 29-36) — A female mongrel shepherd dog w'eighed 18 6 
Kg Dec 11, 1929 The pericardial cavity was irrigated W'lth surgical solution of 
chlorinated soda 

December 18 The minute \olume output of the heart w'as 2,366 cc 

December 21 The venous pressure w'as 110 mm and the w'eight of the dog 
20 8 Kg Respirations were labored, the pulse w'as rapid, and there was some 
dulness over the right side of the chest A roentgenogram show'ed haziness and 
increased density (fluid) 

December 23 Respirations W'ere labored, and the dog appeared sick The 
minute volume output of the heart was 2,524 cc There was clinical evidence of 
fluid 111 the chest No abdominal fluid could be demonstrated There w'as super- 
ficial infection of the previous incision Ether anesthesia was administered and the 
left fifth rib resected There w'as about 500 cc of serosanguineous fluid in the 
chest The pericardium w'as tense, leathery and discolored by hemorrhage It w'as 
incised from the apex to the base There was no free pericardial fluid, though m 
some places organizing clots were found The adhesions, w'liich were present 
everjw'here over the heart, were easily separated The left phrenic nerve was dis- 
sected free and the pericardium excised on both sides as far as possible The 
heart seemed to dilate as the restricting pericardium w as removed, and the color of 
the tissue improv'ed The fluid was removed from the chest, and the wound was 
closed in lavers with silk On the follow'ing dav the animal seemed to be in 
better condition, more active and bright The pulse rate per minute was 164 
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December 26 The pulse rate per minute was 156 and the respiratory rate 36, 
respirations were somewhat labored but better than before operation The venous 
pressure ^^as 68 mm of water The dog was stronger, not so listless and eating 
well Later in the day, it w'as noticed that the wound had broken open into the 
pleura, probabK as a result of the infection in the w^all of the chest from the 
prewous operation It was closed at once, but show’ed little tendency to heal 
Jan 4, 1930 Death occurred from infection Necropsy show'ed empyema 
and epicardial infection The remaining fringes of pericardium were adherent to 
the heart The abdomen contained no fluid and there w'as no exudate between the 
lobes ol the liver 

Comment — Failuie in this case was due to the occurrence of infec- 
tion The early postoperative course, with maiked improvement in the 



Fig 


The pericardium wms resected at operation 

The heart seemed 
Resection 

of the pericardium undoubtedly w^ould have been followed by improvement 
circulation The epicardium was glazed with a film of scar tissue wduch sii 
quently might have thickened sufficiently to impair the filling of the heart 


V (experiment 6, dog 29-21) 

It W'as thickened but nowdiere W'as it adherent to the heart 
to have been compressed by the shrinking of the parietal pericardium 


genet al condition and a maiked fall in the venous pressure 
that the operation was effective, and that the ciiculation v 
improved if the infection had not occurred 


, indicated 

ould 


n ' 193^ 

Experiaiext 8 (Dog 29-31) — A. male collie weighed 19 5 Kg 
Surgical solution of chlorinated soda was injected into the pericardial cav 
December 21 The cardiopencardial roentgenogram was larger t la 
measuring 9 4 cm in the transverse diameter The venous pressure vv 
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December 24 The dog ^^as so ^^eak that it could not stand Respiiations 
were labored Cvanosis of the tongue was present Ihe pulse ■\\as rapid and 
uealv Eight hundred cubic centimeters of pink fluid was tapped from the 
abdomen and 200 cc of bloodv fluid from the chest 

December 26 The soft tissues over the abdomen and chest were markedl} 
edematous Dyspnea and cranosis were marked The pulse was scarceh per- 
ceptible, its rate being about 200 per minute The dog was placed on a warm 
operating table and anesthetized with ether The left fifth rib was removed and 
the chest was opened Four hundred cubic centimeters of blood^ fluid was 
removed from the chest The heart w'as at a standstill Epinephrine was injected 
into it, and it began to pulsate feeblj' The pericardium and its contents appeared 
dark, resembling liver The lung w'as adherent to the pericardium and was 
congested An incision was quicklj made into the pericardium, which was se\eral 
millimeters thick, tense and adherent to the heart A line of cleavage w'as found, 
and with the finger the pericardium w'as freed from the heart Seieral pockets 
of bloody fluid w'ere evacuated during this procedure The heart seemed to dilate 
shghtlj after it w'as dissected free from the pericardium, but its pulsations w^ere 
feeble We quickly excised the pericardium, and in our haste w'e sacrificed the 
left phrenic ner^e (fig 8) The tongue of lung that w'as adherent to the peri- 
cardium was ligated and excised As closure w'as carried out, the color of the 
tissues seemed to improve We feared that the operation would not sa\e the dog 
December 31 The shadow' of the heart, as showm by a roentgenogram, mea- 
sured 8 4 cm in the trans\erse diameter This represented a decrease of 1 cm 
from the measurement made before operation, this difference undoubtedlj could 
be accounted for by the presence of small pockets containing clotted blood 
betw'een the heart and the pencaidium 

Jan 3, 1930 Edema of the tissues persisted The pulse rate was 164 per 
minute and the respiratory rate 30 The venous pressure w'as 105 mm The 
circumference of the abdomen w'as 61 cm The dog w'as able to walk and show'ed 
improvement as compared w'lth its condition immediately before operation 

January 6 The dog had undergone striking impro\ement The subcutaneous 
edema had completely disappeared The ascites w'as much less, the circumference 
of the abdomen w'as 56 cm Respirations W'ere not labored, tbe rate being 24 per 
minute, the pulse rate w'as 140, the venous pressure 80 mm and the weight of the 
animal 19 Kg 

January 13 The dog was ver\ active, the pulse rate w'as 160, but this rapid 
rate W'as caused b\ excitement The appetite w'as good The \ enous pressure 
was 70 mm 

Januarj 20 The dog w'as actne, the venous pressuie was 65 mm, the pulse 
rate 144 per minute and the respiratory rate 18 The weight of the dog was 
192 Kg and the circumference of the abdomen 62 cm Fluid was forming in 
the abdomen Slight edema of the scrotum w'as present 
January 27 The venous pressure was 170 mm 

I ebruary 10 The W'eight w'as 21 Kg The circumference of the abdomen w'as 
/I cm The pulse rate w'as 156 per minute The abdomen w'as distended with 
fluid The venous pressure w'as 240 mm Eighteen hundred cubic centimeters of 
fluid was tapped from the abdomen The shadow of the heart in roentgenograms 
measured 7 7 cm m the trans\erse diameter A. shadow was present o^er the 
right margin of the heart We concluded that the portion of the pericardium o\er 
the \enae ca^ae that could not be resected at the preiious operation was producing 
the circulator\ failure that had been de\ eloping since Tanuar\ 20 The exposure 
through the left side of the chest was inadequate for the complete resection of 
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the pericardium m the region of the %'enae cavae We interpreted the decrease in 
the size of the cardiac shadow m the roentgenogram as being due to the formation 
and contracture of epicardia! scar The electrocardiograms showed no shift m the 
electrical axis of the heart with change of position The dog was placed on a 
uarm operating table, and ether was administered The right fifth rib was 



Fig 8 (experiment 8, dog 29-31) — A, segments of parietal pericardium 
from the left side of the heart at the first operation F, segments o 
pericardium excised from the right auricle and ventricle at the second ope 
The importance of complete excision of the scar was emphasized 

resected and the chest was opened There was no fluid oi 

adherent to the heart on the right side This was sufficient to preient ® 
the heart with change of position A segment of pericardium wms {j,e 

to the right auricle and the renae ca\ae also extending oier a sma 
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right ^entrlcle The parietal pericardium was dissected from these structures 
the finger As the inferior vena cava was approached, a broad band of thick- 
ened scar was found extending from the parietal pericardium between the lena 
ca^a and the auricle This scar produced partial obstruction to the vena cava 
(fig 9) The band was incised and its pedicle ligated When it was released, it 
disappeared from view A segment of pericardium equivalent to 30 sq cm was 
resected (fig 8) The epicardium was covered with fibrous tissue The right 
phrenic nerve was iniolved in the pericardial scar, and it was accidental!}’’ 
sacrificed At the completion of the operation the respiratory movements were 
costal, each phrenic nerve having been sacrificed 

February 20 The paralysis of the diaphragm greatly interfered with respira- 
tion The dog had undergone a remarkab'e improvement since the last operation. 



Fig 9 (experiment 8, dog 29-31) — Appearance of the scar that impaired the 
hlhng of the right side of the heart and partially obstructed the inferior lena 
ca\a The failure to resect this scar at the first operation and the subsequent 
contracture of it brought about the recurrence of the Pick sMidrome 


but circulatory embarrassment persisted The pulse rate was 120 per minute 
The venous pressure was 125 mm Seven hundred cubic centimeters of fluid was 
tapped from the abdomen The cardiac shadow^ in the roentgenogram measured 
7 5 cm in the transverse diameter The heart had undergone a progressn e 
decrease in size since December 26, when pencardiectomi was performed This 
was interpreted as due to the formation and contraction of epicardial scar On 
each side the diaphragm w’as ele\ated and encroached on the pleural space 

klarch 6 The \ enous pressure w’as 130 mm 

klarch 7 Death occurred The subcutaneous tissues showed slight edema 
The chest contained 2,000 cc of fluid that looked like a mixture of chocolate and 
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milk This fluid had a specific gravity of 1 014, contained much fat and man\ 
lymphocytes and was not infected It resembled l 3 mph from the gastro-intestinal 
tract The heart was free in the mid-chest and was not adherent to any of the 
surrounding structures The heart was “iced” uith a film of epicardial scar 
(fig 10), which undoubtedly had impaired its function Microscopically, the scar 
tissue consisted of fairlj dense connective tissue elements containing areas that 
stained blue wuth hematox}dm and resembled tissue containing calcium There 
was no infiltration or fibrosis of the adjacent muscle fibers, but here and there 
w'as a deposition of fat The parietal pericardium removed at operation ivas less 
densely organwed It contained many blood vessels and deposits of fibrin The 
lungs were edematous and microscopically' showed considerable fibrosis The 



Fig 10 (experiment 8, dog 29-31) — The parietal pericardium had 
at operation This specimen shows the heart w'lth its encasement of epic 
scar Although this epicardial scar w'as adherent to the my'ocardium,^^!^^ 
possible to dissect it with the scalpel w'lthout injury to the myocar 
coronary ressels 


abdomen contained 2,500 cc of pink fluid wuth a specific grawty 
The Iner weighed 950 Gm , it was markedly congested The 2 nini 

of the rarious lobes of the liver showed an exudate of fibrin, m p3 (.gpilhri 
thick Each kidney w'eighed 80 Gm and show'ed marked venous ai 
congestion 

Comment — The foregoing experiment bi ought out 
ant consideiations A marked degree of polyserositis and sux 
edema developed and it yvas feared that the cardiac resene 
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small to toleiate pei icaidiectom)'' The peiicardium was separated and 
excised while the heait was at a standstill The exposure through the 
left side of the chest nas inadequate to peiinit complete resection of 
the peiicaiduim The legion wheie the venae cavae entered the right 
auricle was inaccessible thiough this exposure A stiikmg impro\e- 
ment followed the opeiation During the succeeding three weeks, how- 
ever, decompensation developed An operation was again carried out 
An exposure vas made thiough the light side of the chest A segment 
of thickened pencaidium was found adherent to the heart where the 
venae cavae enteied the light amide, and a band of thickened peii- 
cardium caused a partial obstruction to the inferior vena cava (fig 9) 
The fact that no shift of the electiical axis occuired with change of 
position was leadily accounted foi by the adhesions between the light 
auricle and adjacent stiuctures This portion of the pencaidium i\as 
excised (fig 8) and the cn dilation again improved During the follow - 
mg month the size of the heart, as shown by roentgenogiams, piogies- 
sively decreased and decompensation again developed A thick layei 
of fibrous tissue had foinied ovei the epicardium, this epicardial seal 
embarrassed the circulation as did the parietal peiicardium wdnch had 
been excised at the preceding operations (fig 10) 

The advantage of a bilateral exposure of the pericardium at opeia- 
tion rvas emphasized m this experiment The subject will be discussed 
more fully 

The probable explanation of the decompensation is as follows Dui- 
ing the first pei lod of decompensation, fluid was present in the chest and 
the lungs weie congested This may have indicated an impairment in 
the filling of the left side of the heart The ascites and subcutaneous 
edema that were also piesent may have indicated an impairment m the 
filling of the right side of the heait The first pei icardiectoinj relle^ed 
the left side of the heart, and pulmonaiy edema and hjdrothoiax were 
absent during the second period of decompensation The impairment to 
the filling of the right side of the heart w^as leheied tempoianh bj the 
second pericai diectomy Then contraction of epicardial scar occuiied 
The heart decreased in size The filling of the heart again became 
unpaired, and there w^as evidence of both right-sided and left-sided 
failure This is an excellent example of the effects on the djnamics of 
the circulation brought about ( 1 ) by a generalized i estnction to cardiac 
function (2) by restoration of the left side and restriction of the right 
side (3) by restoration of the right side and (4) b\ subsequent bilateial 
restriction of the heart and failuie of both lentncles 

The derelopment of epicardial fibrosis which produced the third 
instance of decompensation m this experiment has certain clinical 
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Intel est One of the deep-seated objections held by physicians to this 
operation is that even though the pericardial scar can be excised, scar 
tissue will foiin again on the epicardium The objection was valid in 
this experiment The heart, howevei, did not become adherent to any 
of the surrounding stiuctures even though an active process of fibrosis 
was taking place on its surface It was noteworthy, however, that this 
epical dial scar could be dissected from the myocardium , while it may 
have been a difficult and hazaidous dissection on a pulsating heart, we 
had the impression that it could haAe been done successfully (fig 10) 


Experiment 9 (Dog 29-25) — A female collie iveighed 17 Kg Dec 2, 1929 
Surgical solution of chlorinated soda was injected into the pericardial cavity 
December 24 The minute volume output of the heart was 1,517 cc 

December 28 The minute volume output of the heart was 1,326 cc 

December 30 The abdomen seemed to be enlarged The venous pressure 

was 80 mm There were no signs of fluid in the thorax and no edema of the 
subcutaneous tissues The pulse rate was 120 per minute The electrocardio- 
gram showed a questionable shift of the electrical axis with change of position 
Jan 6, 1930 The abdomen was enlarged The mammarv glands were 
hypertrophied, but did not contain milk It was thought that the enlargement 
of the abdomen was due to pregnancj’’ A few cubic centimeters of fluid was 
rapped from the abdomen The venous pressure was 75 mm The pulse rate 
was 140 per minute 

January 9 The dog was listless The pulse rate was 152 per minute an 
the respiratory rate 36 The venous pressure was 375 mm The minute volume 
output of the heart was 1,339 cc A definite resistance to the passage o 1 ^ 
aspirating needle through the pericardium was encountered Again only a 
cubic centimeters of fluid could be aspirated from the abdomen, and the increase 
in the size of the abdomen was believed to be due to pregnancy The car w 
pericardial roentgenograms showed a decrease in size and definitely go 
shape (fig 11) This globular contour was interpreted as due to shrinkage 
the pericardium The compression thus produced on the heart cause i 


assume a more globular shape 

January 10 The dog was placed on a Avarm table and ether anesl lesia 
given The left fifth rib was removed and the chest was opened 
no fluid A few adhesions were found between the left lung and the {5 

The pericardium was globular and tense, as though distended by As 
An incision was made in it, in doing this a small coronary vein ^ bound 
pericardium was several millimeters thick Adhesions everywhere tight 
the pericardium to the heart These were separated by blunt dissec 
left auricular ear was adherent to the ventricle The left phrenic nerve^^^^ 
sected from the pericardium as was also the adherent lung The be 

cardium was then almost completely excised The epicardium di no s 
scarred The heart throughout tolerated the procedure well 
bleeding from its surface The wound was sutured piippn^=’ 

Januarj'^ 27 The dog was active and in good condition It 'U 

a w eek before The pulse rate w’^as 128 per minute and the respir 


The venous pressure was 55 mm 

Februar} 10 The venous pressure vv'as 50 mm A roentgeno glougni^'^ 
that the heart had returned to normal in size and shape It 
and somewhat larger than before the pericardium was lesected ( g 
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March 3 The minute \olume output of the hc.iit was 1,759 cc Ihc weight 
of the dog was 12 8 Kg The sense of resistance prt\iousI\ obtained as the 
aspirating needle penetrated the parietal poricaiduim was not noted Ihc pulse 
rate w'as 108 There was no edema 

April 2 The animal weighed 14 2 Kg , it was in good condition and aclne, 
with a good appetite The eenous pressure varied from 10 to 20 mm Iheic 
was no evidence of circulators abnormahtv 

May 1 The dog was in excellent condition Ihc venous prcssuic was 20 
inin The size and shape of the heart appeared the same as m the previous 
roentgenogram 

Jilicroscopicallv , the parietal pericardium consisted of hvahni/cd connective 
tissue containing few cells and measuring about 2 mm in thiclviicss The surface 
of this scar in contact with the heart possessed a laver of loose areolar tissue 
winch mav have allowed slight inovemciit between tlic heart ■nid the scai 



Fig 11 (experiment 9, dog 29-25) — Roentgenograms showing the change in 
contour of the heart brought about by shrinkage and thickening of the peri- 
cardium A represents the condition after pericarditis was produced The heart 
IS globular and somewhat smaller than normal B represents the condition after 

pericardiectomv The heart is elongated and has assumed its normal size and 
contour 

Comment ^In this experiment the injection of surgical solution of 
chlorinated soda into the pericardial cavity was followed hy geneialized 
adhesive pericarditis The condition had not progressed sufficiently 
oiig to produce polyserositis The roentgenograms showed that the 
cardiopericaidial shadow had decreased in size and had assumed a 
go ular shape (fig H) This undoubtedly was caused by shrinkage 
o the pericardium and compression of the heart Because of this 
^ompression the filling of the heart was impaiied, the venous piessure 
increased and the cardiac output decreased Pericardiectomy restored 
og to good health The heart assumed its noimal size and shape 
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The venous pi essui e fell to normal The impi ovement following the 
opeiation was piogiessive and theie was no evidence of epicardiai scar 
formation The heait was not displaced by adhesions The electro- 
caichogiam showed a shift in the electiical axis with change in posi- 
tion There was no evidence of myocaidial involvement 


Experiment 10 (Dog 29-43) — A female mongrel bulldog weighed 167 Kg 
Jan 17, 1930 The pericardial cavit}' was irrigated with surgical solution of 
chlorinated soda 

January 27 The dog was active and seemed to he in good condition It 
weighed 148 Kg There was no evidence of decompensation The circumfer- 
ence of the abdomen was 42 cm The pulse rate was ISO per minute and the 
I enous pressure 67 mm 

February 10 Polyserositis was developing The circumference of the abdo 
men vas 51 cm The animal weighed 16 Kg The pulse rate was 164 per 
minute and the respiratory late 16 

February 21 The venous pressure was 260 mm The circumference of the 
abdomen was 63 cm , 900 cc of straw-colored fluid was tapped from the abdomen 
and the weight after tapping was 17 7 Kg Fluid was present m the chest The 


cardiopencardial shadow, as seen m roentgenograms, had increased m size 
February 22 The dog was A'ery weak The tongue was cyanotic Edema 
de\ eloped m the subcutaneous tissues, especially in the neck We feared that the 
dog could not live another da}”-, and an operation was immediately carried out 
The animal was placed on a warm operating table and anesthetized witli ether 


Vs the incision was made in the thoracic wall, we noticed that there was no 
bleeding Pulsation of the heart could not be felt The chest was quicUv opene 
and the free fluid mopped out The heart was at a standstill Epinephrine di 
not revive the heart, and the situation looked hopeless The pericardium was 
tense and thickened An incision was made into it, and the myocardium to 

which the pericardium was adherent was also cut The wound in the heart e 
profusely The plane of cleavage between the thickened pericardium an 
heart was found by the finger In places sharp dissection was necessary to cii 
these adhesions Several walled-off pockets of bloody fluid were 
and opened They contained approximate!}' 75 cc of fluid After the a 
were separated, the heart began to pulsate feebly The wound in the 
then sutured, and epinephrine was injected into the myocardium 
became stronger, and after a while were forceful The left phrenic iiene^^^^^ 
dissected from the pericardium The pericardio-diaphragmatic 
incised , the mediastinum was dissected from the pericardium and a wi e c 
of the pericardium was carried out on each side of the heart °peri 

region where the venae cavae entered the right auricle was difficu t 
cardium measured about 3 mm in thickness The fluid was remove 
chest, and closure was carried out The dog underwent a most sp 


improvement 

March 6 The dog was active The edema of the subcutaneou -plic 

to haAe disappeared There may have been a little fluid m the a 
cardiopencardial shadow in the roentgenograms was of normal size 
pressure was 60 mm The pulse late was 136 per minute The vcig 
Kg , the dog had lost several kilograms by diuresis pressure 

Alarch 19 The dog was in excellent condition The venous (JukJ 

25 mm The weight of the animal was 13 6 Kg There vas no e'l 
in the chest or the abdomen 
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May 1 The venous pressure was 20 mm The dog was m good condition 
and apparently normal in all respects 

Comment— In this expeiiment the inti oduction of suigical solution 
of chloi mated soda into the pencatdial cavity ^\as followed h} a pio- 
tound degree of cnciilatoiy decompensation The heart nas at a stand- 
still when pericardiectomy was earned out The parietal peiicaidium 
was separated from the heait and seveial walled-oft pockets containing 
blood-stained fluid veie evacuated The heait then began to pulsate, 
at fiist feebl} , then it made a heroic response Resection ot the peii- 
cardium was earned out 

Following this operation a spectacular improvement took place The 
dog became active All signs of ciiculator} failuie disappeared The 
A'^enous pressure decreased to normal The edema and the fluid in the 
chest and the abdomen disappeaied and did not refoim As fai as 
could be determined, the dog Avas restored to normal health \Yhen it 
Avas last observed, there Avere no signs of epicardial scar formation, 
fixation of the heart or ni} ocardial Aveakness 


Experiaient 11 (Dog 29-34 ) — K male bulldog Aveighed 16 3 Kg Dec 6, 
1929 The venous pressure was normal (0) The cardiopericardial shadoAA seen 
in roentgenograms measured 8 cm in its greatest transverse diameter Surgical 
solution of chlorinated soda A\as iniected into the pericardial caMt\ 

December 21 The cardiopericardial shadow measured 8 7 cm in its greatest 
transverse diameter The Aenous pressure was 105 mm There Avere no signs 
of decompensation 

December 26 The minute Aolume output of the heart AA'as 1,704 cc 
December 28 The minute Aolume output of the heart Avas 1,693 cc The 
dog cooperated perfectlv for determinations of cardiac output Definite resistance 
was encountered bv the needle in penetrating the pericardium 

December 30 The venous pressure Avas 50 mm There was no evidence of 
decompensation 

Jan 6, 1930 The lenous pressure Avas 85 mm The pulse rate AAas 128 
per minute and the respiratory rate 18 The animal lA^eighed 16 6 Kg The 
abdomen seemed to be a little distended , the circumference Avas 53 cm 

Januari 10 The dog Avas listless and Aveak (fig 12) Fluid Avas present 
111 the abdomen, the circumference AA'as 64 cm The In^er Avas enlarged Fluid 
Avas present in the chest Edema of the scrotum AA'as present The a enous 
pressure Avas 190 mm The pulse rate Avas 168 per minute and the respiratory rate 
21 The electrocardiogram shoAved a shift of the electrical axis AAith change of 
position The minute Aolume output of the heart Avas 1,107 cc A definite resis- 
tance to the passage of the aspirating needle through the pericardium Avas 
encountered 


January 11 The cardiopericardial shadoAV in roentgenograms measured 8 5 
cm 111 its greatest transierse diameter The abdomen AA-as tapped and 600 cc of 
Auriir remoAed The dog Avas placed on a AAarm operating table 

400 resected The chest contained about 

to the .r ^ The lung AAas not adherent to the pericardium or 

the scar m the chest The left phrenic uerAe was dissected from the surface 
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of the pericardium The pericardium, which appeared dark, was picked up in 
forceps and incised It was several millimeters thick and was tightly adherent 
to the heart There were no pockets of fluid A line of cleavage was found 
and the parietal pericardium was everywhere separated by the finger The heart 
seemed to dilate and to fill better as soon as this was done Incision of the 
pencardio-diaphiagmatic ligaments freed the pericardium The left pulmonan 
veins, the inferior vena cava, the ventricles and the base of the heart were freed 
from the pericardium The excision of the parietal pericardium was almost com 
plete A. hbnnous plaque, about 5 cm in diameter and 4 mm thick, lay oier the 



Fig 12 (experiment 11) — A was taken before pencardiectoinj ^ ^ 
formed The abdomen was distended with fluid and the dog 
taken five days after pericardiectomy and a paracentesis yielding 


right auricular appendage The surface of heart now appeare roUo 
dark There seemed to be no scar tissue left on the heart to 

was liberated from the pericardium it beat forcibly We were t jog 

ceed slowly and carefully with the operation After the opera i 
weighed 16 7 Kg It was wrapped in warm blankets Microscopic ^^ggjjizatioc 
removed consisted of connective tissue elements in ^arlous Im I'’ 

In places these were compact and took a deep blue stain wn ^ fibrobh I 
other places the organization was less compact, showing a lacewo 
fibrin and red blood cells 
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January 16 The dog seemed to have undergone remarkable improvement 
(fig 12) Diuresis followed the operation The polyserositis and edema seemed 
to have disappeared completely The animal weighed 13 05 Kg 

January 20 The circumference of the abdomen was 46 cm and the weight 
of the dog 13 1 Kg The pulse rate was 110 per minute and the respiratory rate 
16 The venous pressure was 25 mm The dog was active and had a good appe- 
tite The minute lolnme output of the heart was 2,502 cc 

Januari 27 The dog weighed 13 4 Kg and was m excellent condition The 
pulse rate was 100 per minute The electrocardiogram showed a slight shift of 
the electrical axis with change m position There was less slurring and notching 
of the Q R S complex, and R showed an increased voltage These changes indi- 
cated an improvement of the myocardial function 

March 6 The venous pressure was 30 mm , the pulse rate 104 per minute 
and the weight of the animal 13 3 Kg There were no cardiac murmurs The 
minute \olume output of the heart was 3,528 cc The resistance to the passage 
of the aspirating needle previously noted was not observed 



big 13 (experiment 11) — Three months later, the dog appeared normal 

ilarch 19 The venous pressure was 10 mm There was no evidence of 
poljscrositis or edema The weight was 136 Kg 

Mav 1 The dog was m excellent condition The venous pressure rras 25 
mill The electrocardiogram showed a higher voltage and no slurring, it indi- 
cated a iiornial mvocaidial function 

Comment — In this experiment generalized adhesive pericaiditis and 
thickening of the peiicardiiim occuried This was followed bv the 
development of polyseiositis and subcutaneous edema (fig 12) The 
venous piessiiie lose fiom 0 to 190 mm and the cardiac output per 
minute fell to 1,107 cc As soon as the peiicardium was sepaiated from 
the heait, a stiikmg impiovement in the circulation took place The 
hcait seemed to dilate as it was fieed It filled better, and it beat more 
toicibh Following the opeiation all evidence of decompensation dis- 
^'Ppeaied Diuiesis took place, the subcutaneous edema and the fluid 
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m the chest and the abdomen dtsappeaied The venous pressuie fell to 
25 mm The cardiac output per minute rose to 3,528 cc The general 
condition of the dog on May 1, 1930, was excellent (fig 13) As far 
as could be determined, the dog showed no circulatory abnorniality 
There was no evidence of epicardial scai formation, no fixation of the 
heart, no adhesions to suiiounding stiuctures and no myocardial 
involvement 

COMMENT ON THE EXPERIMENTS 


The essential factor in the production of Pick’s disease, as can be 
seen from the experiment'^, is fibrosis and contracture of the parietal 
pericardium or epicardium, or both, forming a casing of scar which 
compi esses the heart and primarily obstructs its filling, interfering with 
caidiac motion as a tightly fitting glove impairs the tree movement of 
the hand Generalized adhesions between the epicardium and the 
parietal pericardium are not sufficient in themselves to piodiice poly- 
serositis Such adhesions can be produced experimentally, and similar 
conditions are found clinically in which polyserositis does not develop 
Noi IS the presence of generalized adhesions necessary for the develop- 
ment of polyserositis A marked degree of polyserositis dei eloped m 


one experiment in which there were no adhesions to the heart 

Coincidentall) with the development and contracture of scar tissue 
about the heart, the clinical manifestations of the Pick syndiome m the 
Older of their appeal ance are (1) a use in the venous pressure, (2) 
ascites and the development of a fibrinous exudate on the liver, ( } 
hydrothoiax and (4) pulmonary and subcutaneous edema 
taneous edema and pulmonary edema are late manifestations of ti'^ 
disorder experimentally, as has been obseived clinicall) The 
ism in the formation of the fibrinous exudate on the surface ot the ne^ 
is obscure If the development of the syndrome had taken place o 
a sufficiently'^ long period of time, the classic “Zuckergussleber m)& 
have resulted (figs 4 and 5) Together with the obsenatioiis 
there occurred general weakness and listlessness, a small and rapi P 
cyanosis and a decrease in the minute volume output of the 
was shown roentgenographically that the heart and 
decreased in size and assumed a globular shape as the syi 
de% eloped, after the pericardium was resected, the heart ass 
previous size and shape Not infrequently the compression e 
the tight scar on the heart can be demonstrated fluoroscopica ^ 
limitation of the systolic and diastolic movements of the ic^i" 

The shift of the electrical axis of the heart vith a chaiij, 
tion \\as of slight diagnostic significance in the experiments 
on mg to the great mobility of the heart and pericardium i 
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a shift of the electrical axis was found even when the peiicaidium was 
markedly seal red In those experiments m which theie was no shift 
of the axis, the heait was securely immobilized by extiapeiicardial 
adhesions Undoubtedly, the shift of the electrical axis of the heart 
IS of greatei diagnostic value in the deteimination of extrapei icardial 
adhesions, a condition that is different in both its pathologic physi- 
ology and its theiap}'- 

In tapping the ventricles foi specimens of blood foi caidiac output 
determinations, it was noted that the aspiiating needle encounteied a 
definite resistance if the parietal pericardium was thickened and 
scarred We hesitate to recommend sticking the peiicaidium as a 
diagnostic aid because of the possibility of inflicting an injuiy to cor- 
onary vessels with the needle In cases m which the diagnosis is 
obscuie, however, may it not be useful as a clinical diagnostic aid^ 

On the basis of experiment it was found that the venous pressuie 
was the most reliable index to tbe development of this condition A 
use in venous pressure was always noted before ascites or fluid in the 
chest could be demonstrated Further experimentation is being under- 
taken to determine whether localized pericarditis, as for instance, 
involvement over only the left ventiicle, results in the same sequence 
of events A description of localized peiicarditis will be leseived for 
a subsequent publication 

The casing of scar can almost always be resected Usually a 
plane of cleavage can be found and separation can be cairied out by 
blunt dissection This was possible technically in even'' experiment 
except one The exception represents a small peicentage of clinical 
cases in which the scar so intimately involves the coronary vessels and 
the myocardium that its removal would involve a great hazard 

An important obseivation brought out m the expeiimental woik 
was the necessity of excising the scai as completely as possible Espe- 
cially necessaiy was the excision of the scai from the region where 
the venae cavae enter the heart At operation the incision m the thoracic 
wall should be such as to piovide exposure of the lateial aspect of the 
light ventricle and right amide, as well as of the left side of the heart 
In ever}- experiment in which the pericardial scai was removed 
successfully a marked impiovement in the circulation took place It 
"as always noted that as the heart was liberated from its encasement 
of scar an immediate dilatation of the heart occurred It seemed as 
though the heart filled better and an immediate improvement in the cir- 
culation took place That the heart returned to its normal shape and 
'=ize aftei resection of the pericardium was shown roentgenographically 
Follow mg the resection of the scarred pericardium the r enous pressure 
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fell to the normal level Diurests took place, and ascites, In-droll, oi,i\ 
and edema of the Inngs and snhcutaneous tissues disaooeaied Tlie 
minute volume output of the heait came back to the noimal level The 
dog became actne and appealed normal m eveiy lespect This improve, 
ment almost ahvaj-s seemed to be peunanent In only one expeLiicit 
id an tpicaidial seal foim aftei resection of the sea, red paiietal pen- 

Ilowevei, to have lesected this op, cardial sea, after ,t had formed The 
expeiiments were Conducted fo, several months following pericaidiec- 
}, and as fai as could be detei mined, the opeiation seemed to be 
npletelj- cuiative The expo, intents in which the pencaidium had 
en lesected did not show any adhesions between the heal land adjacent 
stiuctuies developing siibseqiientl\ 


REPORT or A CASE 

A white boy, aged 14, was admitted to the Lakeside Hospital, on Sept 4, 
V eakness ^ ^ part of tlie abdomen, d\ spnea on evertion and 


Slovakian stock both were In mg The father had been 
flip it^ severa times to the ps\chopathic department of a local hospital, where 
mnfli ° manic-depressive psychosis and alcoholism was made The 

10?*=; ^'^ophthalmic goiter and had iindei gone a partial tlijTOidectonn 

lere was one sister, aged 18 years, who was emotionally unstable but 
of normal mentality 


le ns orv obtainable from the patient and his fannh u as not accurate He 

measles, mumps, pertussis and chickenpo\ m 
ooc ater, he had frequent attacks of sore throat and infection of the 
pper respiratory tract A tonsillectomy was performed in 1921 because of these 
equent infections There was no history of acute rheumatic fever, pain in the 
J s or c lorea At the age of 6, he appeared mentally deficient, and at 11 
trials at school, he was sent to a state institution for the feeble 
^ mtelligence quotients determined b 3 t various ps 3 'choinetric test 

om to 1927 varied from 55 to 7l per cent He w'as at home for tvo 

moot IS in the summer of 1928, at that time he became short of breath on exertion 
n Mas easih’- fatigued There Mms uo histor 3 t of anv febrile illness or ascitci 
^ ®^*it to another institution, M'here he remained uiitd 

’ “ When he returned home he ivas short of breath and jaundiced and 

orrip aiimd of vague epigastric pam Muth occasional attacks of nausea and xom 
IS cheeks, ears and lips vmre dusk 3 His condition impro\ed m the 
course of a month, but in July, 1929, he came to the Lakeside Hospital Dispen=nr' 
comp ainmg of shortness of breath There M'as no jaundice or feier at fb"'* 
ime n August, according to the histor 3 '- obtained from the mother and sister 
lere \\as another attack of jaundice Muth light stools, dark urine, lague pa'" 
m t le upper part of the abdomen and cyanosis When he appeared at the i 
pensary, jaundice urns not present 

He Mas then admitted to the medical M'ard He appeared to be fair!' "e 
nourished but of obviously Iom^ mentaht3’- kloderate orthopnea and f 

tie lips and cheeks M'ere p'-esent Throughout the period in the hospital 
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temperature was normal The pulse rate varied from 92 to 120 per minute and 
the respiratory rate from 24 to 48 The contour of the head was not remarkable, 
and there were no gross abnormalities of the eyes, ears or nose There were a 
few carious teeth, and lymphoid tissue was present m both tonsillar fossae The 
external jugular veins were abnormally distended The thjwoid gland was of 
normal size and consistency There were no enlarged cervical glands, no tracheal 
tug and no thrill or bruit m tbe neck 

The thorax was symmetrical, and its movements were equal on each side 
The costal flare appeared to be somewhat restricted, probably on account of the 
distention of the abdomen The lungs were clear to percussion and auscultation 
The bases were at the ninth rib with excursion of less than one interspace on 
deep inspiration No fluid was demonstrable in the pleural cavities There was 
no abnormal precordial pulsation or retraction and no Broadbent sign The 



Fig 14 — Patient beiore pencardiectomy 


cardiac apex was in the fifth intercostal space at the midcla\ icular line, the 
right border of cardiac dulness was beneath the sternum and the upper border 
was in the third interspace The cardiac sounds were normal There was no 
thrill, friction rub or murmur A marked pulsus paradoxus was present The 
pulse pressure w'as low , the blood pressure was 106 svstolic and 78 diastolic 
The abdomen w'as markedly distended (fig 14) Shifting dulness and a fluid 
"a\e could be elicited The edge of the liver extended to the umbilicus It W'as 
smooth, firm and slightlj tender The spleen was enlarged and firm The gen- 
italia, reflexes and extremities were normal 

September 13 Stereoscopic films of the chest showed the right apex to be 
more cloud\ than tbe left and the left lung field to be better illuminated than 
1 C right There was some increase m the hilar markings on both sides, with an 
increase m the bronchial markings along the right border of the cardiac shadow' 
lero was some thickening of the interlobar septum on the right The dia- 
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phragms ere fairly smooth and the costophrenic sinuses were clear The shadow 
of the heart seemed slightly enlarged The appeal ance suggested a slightly thick- 
ened pleura over the right side of the chest The diaphragms appeared of about 
normal height Theie was no evidence of a high diaphragm on either side 
September 20 Fluoroscopic e\amination of the chest and mediastinum shoued 
the lung fields to be clear and the cardiac shadow slightly enlarged toward the 
left The posterior mediastinum was clear, the diaphragms smooth and the 
costophrenic sinuses clear There was no definite evidence of mediastinal tumor 
Electrocardiograms were taken with the patient in the dorsal position and also 
with the patient on the right side Dr R D Leas reported that the voltage 



KK^ht 5ide. 3rcK 

Fig 15 (September 20) — Low voltage and slurring of Q R S coinplev \\i 
no shift of the electrical axis on change of position 


all 


was below normal and that there was slurring of the Q R S comp ex » 
leads No shift of the electrical axis was noted with change m jjj 

The urine was strawy-colored and acid, with a specific gravity of 1 _ 

not contain albumin, sugar or cells A few h} aline casts were foun 
examination The Gmelin test was negative for bile pigments The A 
reaction of the blood wms negative Examination showed red 
6,680,000, w'hite blood cells, 7,750, hemoglobin, 85 per cent, ^ ][5 lO 

leukocj tes, 62 5 per cent , lymphocytes, 27 5 per cent, and mononuc 
per cent The icteric index', fragihtjy test of the red blood cells an [jleedm? 


were normal The clotting time wms six and one-half minutes 
time one and one-half minutes 
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Abdominal paracentesis yielded 650 cc of clear brownish fluid which did not 
clot on standing It had a specific gravity of 1 020 and a cell count of 400 per 
cubic millimeter 

Except for some reaccumulation of fluid in the abdomen, there was little change 
m the patient’s condition during the period in the hospital He was kept in bed 
for several weeks, and was then allowed to be up and about the ward We 
sa\v the patient on the medical ward soon after his admission, and from 
our experience with adhesive pericarditis m the laborator} we did not hesitate 
to make the diagnosis of Pick’s disease It w'as decided, how'e\er, to observe the 
condition o\er a longer period of time The patient w'as therefore discharged 
from the hospital on October 5 

He W'as confined to his home Although he W'as able to w'alk about the house, 
he had no desire to play with other bo 3 s He de\ eloped a mild infection of the 
upper respirator} tract D^spnea became more marked A troublesome cough 
developed and he w'as unable to he recumbent in bed He w'as readmitted to the 
hospital ten dais after his vlischarge 

The patient had orthopnea An unproductne cough w’as present Cyanosis 
of the cheeks, ears, lips and finger-nails was conspicuous The reins of the neck, 
arms and hands w'ere distended Dilatation of the retinal veins was present 
The patient w'as w'eak, and he w'as kept m bed Edema of the scrotum was 
present, but elsewdiere there w'as no subcutaneous edema While he W'as m the 
recumbent posture spasms of coughing der eloped, and he had to be propped up 
on pillow's and a back rest to sleep The temperature was normal Pulsus para- 
doxus W'as present The pulse rate varied from 100 to HO and the respirator} 
rate from 28 to 40 The s}stolic blood pressure w'as from 90 to 100 and the 
diastolic blood pressure from 70 to 80 

Fluid was ne^er demonstrated m the chest by clinical examination At times 
scattered, coarse rales w'ere heard There was slight impairment of tactile 
fremitus below the angle of the scapula on each side, but the percussion note 
was unchanged There w'as no precordial actnit} The left border of the heart, 
as determined by percussion, w'as 10 cm to the left of the midsternal line and 
the right border of the heart w'as 3 5 cm to the right of the midsternal line 
There w'as no detei table change in the position of the heart w'lth change in 
position of the chest 

The abdomen was markedly distended with fluid The liver w'as great!} 
enlarged, firm and slightly tender to pressure, the edge w'as at the level of the 
umbilicus The spleen w'as large and firm 

October 21 A roentgenographic report b} Dr C C AIcCo} stated “The 
film of the heart and the chest in the first oblique position shows eiidence of a 
pleural reaction in the left costo-phrenic sinus which w'as not noted preriousK 
There might be a small amount of fluid here There is also a pleural reaction 
at the right costo-phrenic sinus w'hich seems a little more marked than at the last 
examination ” The measurements of the heart are seen m figure 16 

November 20 Dr D Steel made tlie following report of a fluoroscopic 
examination “The cardiac silhouette is triangular in outline The outlines of 
the ^arlous chambers are obliterated The amplitude of pulsations is marked!} 
reduced and almost ooliterated The heart is fixed The respirator} excursion is 
ml The retrocardiac space and the retrosternal space are definite!} ha?} In 
t le second oblique \ lew the outline of the left ^ entncle remains posterior to the 
ii-diaphragmatic angle m all phases of respiration The superior rena ca\a and 
t le innominate r em are easih made out Both hilus regions are definite!} 
increased Fluoroscopicalh no tenting of the diaphragms can be made out The 
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inner half of the left diaphragm showed practically no motion The finding'; 
suggest an adherent pericardium with changes m the retrosternal and retrocardiac 
spaces ” 

The laboratory observations were as follows The urine contained a slight 
trace of albumin and an occasional granular cast Examination of the blood 
shocced white blood cells, 8,000, red blood cells, 6,300,000, and hemoglobin, 105 
per cent The stained smear of the blood showed the cells and platelets to be 
noimal The percentages obtained m the differential cell count uere polymor- 
phonuclear leukocytes, 70, lymphocytes, 20, mononuclears and transitionals, 6, 
eosinophils, 3, and basophils, 1 The vital capacity did not exceed 1,500 cc , the 
calculated capacity was 2,700 cc The venous pressure was determined bv insert- 
ma an aspirating needle connected to a glass manometer tube containing phvsio 



logic solution of sodium chloride into the median cephalic vein at 
le\ el of the heart The venous pressure measured 350 mm of phvmo 
tion of sodium chloride The normal venous pressure m the me lan ^ 

^eln, as quoted by Eyster," is from 40 to 60 mm of water with an 
of 110 mm A cardiac function test was carr'cd out, which consis^ °(;^^erclse 
the patient walk up and down one flight of stairs four tunes blood 

caused marked flushing of the face and shortness of breath gg The 

pressure rose from 100 to 130 and the diastolic pressure from o 
pulse rate per minute rose from 94 to 120 The blood pressure an 
rate returned to their previous levels at the end of thirteen minutes 


Comment — A boy, aged 13, presented s^mptoms^ of )sp 
exeition and weakness of about one and one-half years pt 

weie insidious in onset and progressive Seveial tiansient 
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laiindice and -vague cpigastiic pain appealed dining this peiiod Theie 
lias no histoi} of associated fevci Theie was no histoi) of acute 
iheumatic leiei oi choiea The jiatient had had fiequent attacks of 
ihinitis and soic tin oat, and because of the lattei the tonsils weie 
leinoied in 1921 Aside fioin the mental letaidation the patient 
piesented the iollowing sjinptoins oithopnea, cianosis, an mci eased 
Acnous piessuie, a low pulse picssuie. ascitts Avith enlaigement of the 
liA'Ci and spleen, edema of the sciotum, slight pulmonaiy edema, fixa- 
tion of the hcait and limitation of the diastolic exclusion of the 
A en tildes 

The diagnosis of concietio pciicaidii (Pick's disease) AA'as made 
The etiology wms ohscuie The pictuie piesented b) this patient AAas 
an exact duplication of the expciiments in AAdnch mtiapeiicaidial 
adhesions Aieie pioduced by suigic.il solution of chloi.mated soda The 
pathologic pliASiology of the conciuiun aaos based on the impaiiment 
in the filling of the heait pioduced h\ a snugl} fitting, thickened peii- 
caidium Peiicaidicctomy A\as indicated 

Optiatwii — Tlic inticnt a\<is digilali/cil The cAcnnig before opeiation, 300 
cc of blood Avas renio\ed and tins seemed to relieve some of the engorgement 

Noa' 21, 1929 PcncardiectoniA A\as pci formed The patient was placed in 
a semirecumbent position on the operating t.iblo and etbei vapor anesthesia was 
administered The incision was in.idc from the costal margin m the inidclaA'icular 
line on the left, it curved mcdiallv' and supcriorlv to the midsternnm, follow'ed the 
nndsternum for 2 inches (5 1 cm ) and then cuived laterallv to the midclavicular 
line at about the level of the third rib The pcctorahs major muscle was divided 
at the two lateral arms of the incision The undcrljing costal cartilages, sternum 
and ribs were exposed The soft stiuctnres were separated from the fouith, 
fifth and sixth costal cartilages and these were divided close to the sternum and 
at their junctions to the ribs The mediastinal structures were separated from 
the sternum bv blunt dissection with little dilhcultv The sternum was removed 
by a rongeur over about three fourths of its width and 3 inches (7 6 cm) of 
its length The pleural sinus on the left was then dissected from the pericardium 
The pleura was adherent to the pericardium, and this separation had to be 
carried out b) sharp dissection (fig 17) During this procedure the pleura was 
nicked m one or two places, but was promptlj closed, protecting the pleural 
cavitv from the entrance of air The left phrenic nerve was not encountered , 
presumablv it was dissected fiom the pericardium with the pleura While the 
costal cartilages and part of the steinum were being resected, the pulse was 
irregular The anesthetist thought that the cv'anosis was a little more marked, 
but no change in the blood pressure or the pulse rate was recorded on the chart 
that he kept' 

The pericardium was then incised over its midanterior portion It was v'eiv 
thick and the incision was carried deeper and deeper until at one point it actiullv 
entered cardiac muscle The scarred pericardium was incised for about 6 cm 
(fig 18) and a line of cleavage was found Separation was carried out with the 
scalpel This left a distinct lajer of fibrous tissue on the heart, but as the sepaia- 
hon proceeded laterally the epicardium seemed to be entirely free from scar 

ns separation of the peiicardium fiom the heart was carried out laterallj over 
tie base and posteriorly by the index finger slovvlv and cautioush until the 
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entire surface of the heart was swept clean (fig 19) During this procedure the 
pulse became irregular at times owing to extrasystoles, though it had seemed 
more disturbed a little while before, when the costal cartilages were being 
remoNcd, than it did while the adhesions between the heart and pericardium were 
actualh being separated The left ventricle was freed before the right ventricle 
It was apparent to e\ er> one w ho saw the operation that the heart actually dilated 
as it was being freed from the adhesions The anesthetist repeatedly reported 
that the pulse had become stronger and that the pulse pressure had dcfinitel} 
increased 



Fig 17— The fourth, fifth and sixth costal cartilages on tlie left 
resected and the sternum was partialli resected The pleural sinus on 


was dissected from the pericardium 


Ljing over the surface of the heart anteriorly was a laier of " 
scar about 10 sq cm in area This w'as picked up with forceps 
from the heart with considerable difficulti Here and there sharp iss^ 
the icntncle w'as carried out A,fter this scar tissue wms remoie , 
coronary vessels could be seen The surface of the ventricles an ^ 
now' seemed to be free from scar tissue The pericardium was 4 or „j.g,ped 
It was incised over the base, and the right margin of the pericar nun 


Fig 18 — The pericarchum was incistcl o\cr the left \entncle It was difficult 
to determine tlic plane oi dennrcation between scar and iTi\ocardium 



Fig 19 — ^ plane of cleavage was found and separation was carried out b 3 
unt dissection The heart seemed to bulge through the opening in the scar as 
the separation progressed 
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with Alhs foiceps and drawn to the left This brought into view the right 
pleural sinus The latter was dissected from the pericardium well around to the 
right (fig 20) The exposure of this region, however, was inadequate The 
venae ca^ae could not be seen Excision was now carried out The pericardium 
on the right and over the base of the heart was removed, but excision here wa= 
hazardous because w'e could not see or identify the venae cavae Excision on the 
left side was carried w’ell dowm to the emergence of the pulmonary ressels The 
excision of the pericardium was complete except for an area posterior to the 
heart and a small area over the right auricle wdiere the \enae cavae entered the 
pericardium and where the exposure of the structures w'as inadequate (fig 21) 
There was some oo/ing of blood from the surface of the heart posteriorh, but 
this W'as not marked 



Fig 20 — The pericardium over the right side of the heart was drawn to 
left The right pleural sinus was dissected from the pericardium 


The bon> framew'Ork over the anterior suiface of the heart had 
completelj removed bj' the resection of the cartilages and of part of the s e 
The flap of soft parts w'as then placed in its bed, the covering of the hea 
the pleura on the left being the inner surface of this flap The soft 
sutured with tw'o lasers of silk and the skm w'as closed with silk j 

dram was placed in the wound to allow for extravasation of fluid or 
to prerent cardiac tamponade The wound w'as sealed wtib silver foi 

ered wuth a r olummous dressing h r tie pathol 

The excised pericardium is showm in figure 22 Examination \ m 

ogist jielded the following observations The fragments of tissue 
thickness from 1 to 6 mm One surface of each w'as granular an^ oi 

culanzed and the other surface was dense and smooth The cense 


till —The portion of the pericardium excised at operation It varied in 

nc ness from 1 to 6 mm Microscopically, this structure closely resembled the 
scar produced experimentallj 
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one of the specimens contained a small, round, h} aline plaque Sections through 
the fragments nere essentially similar and showed a dense fibrous tissue which 
was cicatricial One side of each section was very dense, the fibers were 
arranged parallel to one another, for the most part, and there was extensne 
hyalinization As the other surface rvas appi cached, the tissue became looser and 
contained man} small blood vessels and, in places, lvmphoc}tic infiltration At 
the extreme outer edge of some of the fragments there were clusters of fat 
cells The Inahni/ation wms not uniform and small hyaline plaques often showed 
a dense peiipheral /one of Ivmphocrtic infiltration The diagnosis was given as 
chronic inflammation wnth h}almi7ation of fibrous connective tissue 

It was the opinion of every one who observed the patient that the cvanosis 
of the face and lips w'as less marked at the end of the operation than before 
It began, and that the dilatation of the jugular veins was less marked The blood 



Fig 23 (Dec 23, 1929) —Six foot roentgenogram of the chest 

pressure was 100 systolic and 56 diastolic The pulse pressure was 
the operation This meant that the heart was filling better and expe 
blood per beat The pulse rate per minute was about 140 Within a 
after the anesthesia W'as stopped, the patient regained consciousness 
night after the operation, the blood pressure was 114 systolic an ^ 

The cyanosis of the lips had almost completely disappeared Twent} o 

after operation the blood pressuie was 110 systolic and 70 

cyanosis of the lips had completely disappeared The respiratory per 

was about 40 , the respiratory movements were shallow , the pu s 

minute was 120 and the temperature 37 8 C (100 F) Later m 

temperature lose to 39 5 C (102 9 F ), and the patient had a niiin't'^ 

with expectoration of thick tenacious mucus The respiratory ra 

at that time wms 30, the pulse rate 120 and the blood pressure jj^,„cidcnt 1° 

60 diastolic An occasional small dose of morphia relieved the 

coughing The temperature diminished in a few dajs and the coug 
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The chain \cas removed at the end of t\\ent 3 -four hours, the blood}'^ serous 
•discharge, which had been profuse at hist, quicklj" diminished The sutures were 
remoced on the fifth dav and the wound w'as coinpletelj" closed by the seventh 
The patient was allowed out of bed on the fourteenth dav On the eighteenth 
■dar the renoiis picssure was 200 mm of W'atcr, the reading having been taken 
exacth as betore The vital capacit} was about 1,150 cc The blood pressure 
was 110 sestohe and 70 diastolic 

December 23 A. roentgenologic leport by Dr D Steel stated “Compaied 
to the preMons measurements, the transcerse diameter of the heart has decreased 
This was due, apparenth, to a decrease in the left median distance (fig 231 
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Right sicic Left side 

Fig 24 (December 24) — A slight degree of right ventricular preponderance, 
with an increase of voltage, less slurring of tlie Q R S complex and no shift of 
the electrical axis on change of position 


The median half of the left diaphragm was immobile As far as can be made 
out fluoroscopically, the heart does not move upward with respiration The 

amplitude of the pulsation has defimteb' increased since the previous examina- 
tion ” 


December 24 An electrocardiographic report by Dr R D Leas stated that 
1 5e patient had received 12 cc of tincture of digitalis on Nov^ember 19 and 20, 
and 8 cc on November 23 There was a slight degree of right v'entricular pre- 
iwnderance with an increase of voltage and less slurring of the Q R S complex 

lore was no evidence of a shift of the electrical axis with change m position 
(fig 24) 
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The patient was discharged from the hospital on December 30 By diuresis 
he had lost 4 Kg since operation (fig 25) The fluid had completely disappeared 
from the abdomen Edema of the scrotum disappeared, as did also the rales 
m the lungs, the cough and the orthopnea The patient was up and about the 
wards rvithout dyspnea, his activities frequenth’- had to be restrained hr the 
nurses The liver and spleen had not changed in size At times the slightest 
trace of cyanosis of the lips was noticeable, at other times c 3 anosis was absent 
The jugular veins ivere dilated, but the degree of dilatation was considerablj 
less since operation The venous pressure was 190 mm of water The blood 
pressure was 114 sistolic and 68 diastolic The vital capacitv w'as 1,8S0 cc The 
red blood cell count w'as 5,090,000 and the hemoglobin content 80 per cent The 
occasional cast and the trace of albumin found in the urine before operation had 
disappeared 



Fig 25 — Patient after pencardiectomy 

A W'eek later, he could walk upstairs rvithout dyspnea, but he was 
short of breath on running After climbing the stairs his pulse rate per ^ 
was 104 and his blood pressure 118 systolic and 68 diastolic The ju^u 
w'cre not distended, and there was no cyanosis, cough, edema, ascites o 
the chest The margin of the liver was one fingerbreadth above tie 
There was marked precordial pulsation but no murmur and no paui 
precordu m , . ^ (he 

Jan 20, 1930 The blood pressure was 118 systolic and 
1 enous pressure was 210 mm of w'ater and the vital capacitj , 
weeks later, he could run up a short flight of stairs wnthout diastohe 

rate per minute w'as 102 , the blood pressure was 124 systo ic oi 

The venous pressure, taken indirectly by means of the costal 

Evster, was 170 mm The edge of the liver was halfway ® size but 

margin and the umbilicus in the midline The spleen had ecreas 
was still palpable The vital capacity w^as 2,400 cc 
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Februar^ 20 The patient \\ai> \ery acti\e The pulse rate pei minute \\as 
96, the blood pressure ^^as 122 s^stollc and 76 diastolic The veins m the neck 
were not distended There was prohabh the slightest tinge of color to the lips 
but none to the cars The Mtal capacity was 2,300 cc The liver vas still 
enlarged, but there vas no fluid in the abdomen and no edema 

Alarch 19 There was some pulsation in the \eins of the neck but no c\anosis 
The venous pressure obtained b\ the direct method, was 17 cm of water The 
Mtal capacity w'ns 2,800 cc The blood pressure was 120 s^stollc and 65 diastolic 
March 19 \ roentgenogram of the chest showed the heart hing m a more 

\ertical position than before operation (hg 26) The trans\erse diameter of the 
heart was less, but this was prohabh due to the position now occupied b\ the 
heart The diaphragm was smooth and regular and was lower than at the 
preMous examination The costophrcnic sinuses were clear There w'as no eM- 



Fig 26 (March 19, 1930) — Six foot roentgenogram of the chest 


deuce of fluid at the base of either lung Fluoroscopically, the pulsation of the 
left ventricle was normal The pulsation of the right side, however, seemed to 
be less than normal 

An electrocardiographic report by Dr Leas showed that the same degree of 
preponderance of the right ventricle was noted as when the pre\ious records 
were made The voltage had increased more than in the previous record The 
slurring of Q R S had disappeared, except in lead 1, wLere it was slight The 
progressive increase of voltage and lessening of the slurring first noted m Q R S 
suggested an improvement in the condition of the mjocardium (fig 27) 

The sister believed that the patient was brighter and a little more alert 
mentally As wm recognized that an improvement in the cerebral circulation 
might bring about this result, further intelligence tests wmre carried out The 
results, however, gave an intelligence quotient of 45 This was less than the 
result obtained m 1927, but it is altogether probable that at that time the circu- 
Iator\ condition was not impaired 
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Comment — The diagnosis of adhesive peiicaiditis (Pick’s s\n- 
diome) was confiimed at opeiation The pencaidium was exposed by 
leinoval of the left fouith, fifth and sixth costal cartilages and part of 
the steinuin The pleuia was dissected fioin the pericardium on each 
side The peiicardium was thickened and eveiywheie adheient to the 
heait The sepaiation of the pencaidium from the heart was carried 
out b} shaip dissection over a small area of the ventiicles anteriorh , 
elsewheie the sepaiation was earned out by blunt dissection The 



T^iigbt Side Left side 

Fig Zl (March 19, 1930) —A slight degree of right S 

ance, further increase of voltage, disappearance of slurring of tie U 
except in lead 1 where it was slight These observations suggest a p o 
improvement in the condition of the mjmcardium 

-exposuie of the right side of the heart was inadequate, the venae^ 
could not be seen The pericardium was excised completely 
a small area posteriorly and to the right where the venae 
the pericardium A small dram was placed in the wound as a pr 
against cai diac tamponade, and the wound was sutured 

The improvement was dramatic As the heart was i ler. 
its encasement of seal , it definitely dilated, and the anest i^e 
impi ovement in the condition of the patient The s> s o 
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lose, and the pulse piessuie inci eased At the close of the opeiation 
the c 3 anosis of the face, which was conspicuous befoie opeiation had 
almost completel} disappeaied The jugulai veins weie less distended 
Diuiesis subsequently occuiied, the patient losing 4 Kg of fluid 
The ascites and the edema of the sciotum and lungs completelj'^ disap- 
peared The vital capacity lose fiom 55 pei cent to normal Orthopnea 


30 6 


^80 
LI 

IS e50 







completely disappeared The systolic pressuie lose 15 to 20 mm 
The pulse pressure doubled The venous pressure, as determined by 
the direct method, fell fiom 350 mm of physiologic solution of sodium 
chloride before opeiation to 170 mm after operation (fig 28) 

During the first few months aftei operation the patient led an active 
hfe at home He could run up one flight of stairs without d}spnea. 
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but the 1 espouse to exeicise had not fully letuined to noimal On Oct 
3, 1930 he appealed like a iioimal boy His weight was 120 pounds 
(9 Kg ) and his height was 64 inches (162 cm ) He was strong and 
active He could jump fences, got into numeious fights with plaj mates 
of his own age and was able to take caie of himself The blood pres- 
suie v,as noimal. but the pulse late was 110 pei minute The patient, 
howevei, was a little evcited in contemplation of a venipunctuie winch 
was about to be done The venous piessuie was 150 mm , taken in the 
cephalic vein of the aim Theie was no cyanosis The hvei and the 
spleen weie no longei palpable Theie was no watei in the abdomen 
01 chest 

It will be lecalled that the opeiation did not piovide exposuie ot 
the light auiicle wheie the I'eiiae cavae enteied the peiicaidium The 
peiicaidium was dissected fiee fiom this aiea b} blunt dissection, but it 
could not be excised close to these i^essels The lemoval of the pen- 
caidium oaci this aiea, theiefoie, ivas incomplete In view of oni 
experience in expeiiment 8, we question whethei or not the limitation 
of the movement of the light side of the heait, as seen fluoroscopically, 
and the slightly inci eased venous piessuie may not have been due to a 
small segment of peiicaidium still lemainmg ovei this region 


BILATERAL EXPOSURE FOR IIIE RESECTION OE THE PERICARDIUM 

As fai as could be determined fiom the hteiatuie, the Dm al-Barasty 
incision IS the only one that piovides an extensive exposuie of the 
heart Eveij' aspect of the oigan can be appioachecl thiough this 
exposuie In his opeiation for the lelief of initial stenosis Cutler had 
used this incision in six cases, with this expeiience as a backgiound, he 
felt that piobably this exposuie was too shocking to the patient, m w 
was seriously decompensated 

The following is a desciiption of a new incision that seems to 
especially applicable to pencai dial surgei y It provides a i ^ 
exposuie of the heait without splitting the steinuin, without enteri g 
the pleuial spaces and with a minimal impanment of the lespirat 
mechanism jj 

It consists of an H-shaped incision, ivith the cross-bar of t 
extending over the midline of the sternum and the parallel 
the H placed at the level of the third costal cartilage above anc 
junction of the manubrium with the sternum below (fig - ) 
tiansveise incisions extend laterally from the midsternal 
about 5 cm in each direction The midline incision is niajor 

sternum The upper tiansverse incision transects the 
muscle for a shoit distance at its origin from the sternum 



Fig 29 — A new exposure for resection of the pericardium The pleural cav- 
ities are not entered The sternum and the lowest costal cartilages are not dis- 
turbed The mechanics of respiration are therebj little impaired 



Tig 30 A new exposure for resection of the pericardium \ e\ide exposure 
«n each side of the heart is proMded 
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flaps of soft paits thus made aie dissected laterally to expose the 
sternum and the costal caitila^es The thud fomth, fifth and sixth 
costal caitilages on each side of the sternum aie lesected The interna! 
mammal > vessels aie hgatcd The pleuial sinus is dissected from the 
peiicaidium on each side, and this piovides an excellent exposure rvell 
ai ound atei ally on each side of the pei icai dium The left phrenic nerve 
^lould be dissected fiom the peiicaidium with the mediastinal pleura 
le light phrenic neive ma> or may not be seen along the superior 
^ena cava The pulmonaiy vessels can be seen on each side An 
alinost complete resection of the peiicaidium can be earned out, leaving 
onl} the poition posteiioi to the heart (fig 30 ) 

flhe steimim is not distuibed So that the movements of the 
diaphragm aie not impaired the seventh costal cartilage should not be 
lesected The flaps of soft parts aie i eappi oximated 

e bar e not as 3^et used this exposui e on a patient The flaps 
aie so shoit that ue would not anticipate any disturbance to healing, 
liom Intel feience with the blood stipplv even in the coiners of the flaps 


COiMMENT XND SUMMARY 


\ form of caidiac decompensation, consisting piiinaiily oi scarring 
and contiactuie of the parietal peiicaidium, usually but not ahva}s 
accompanied by intrapeiicardial adhesions and consisting secondaiiii 
of pol} seiositis the formation of a fibrinous exudate oi scar tissue on 


tie hvei and sometimes subcutaneous and pulmonary edema — a S)n- 
diome described by Pick and beaimg his name — is highl} amenable 
to surgical theiap}^ Unfortunately suigical measures have had alto- 
gether too little application in the tieatment foi this condition With 


few excejitions, inteinist and suigeon alike aie unacquainted with the 
pathologic physiology underlying the condition and its relief by pei>' 
cai diectomy 


A method foi the pioduction ot this disoidei expei imeiitalh 
desciibed It consists of the application of suigical solution of chlonn- 
ated soda m the pericardial cavitv' The intioductioii of this solution 
lesults m geneialized intiapeiicardial adhesions, thickening and fibrosis 
of the paiietal pencaidium and sometimes of the epical diuin, ascites 
fluid in the chest, enlargement of the hv'^ei, together with a fibrinous 
exudate on the livei, and sometimes pulmonaiy and subcutaneous edema 
Observations on the experimental pioduction of the Pick svndrome 
and its relief by pei icai diectomy are piesented 

Observ ations on a clinical case of the Pick s) ndi ome and its 
b}' pencardiectoni} ai e gn en 
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It IS hoped that the pioduction of this syndrome m the laboiatory 
mil piovide fmthei expenences for both internist and suigeon that 
may have dnect application both m the recognition of the condition and 
in its theiapy To ns, these expeiiments have been highly beneficial 
The} not only gave ns moie confidence m making the diagnosis, bnt they 
tninished a hackgionnd of expeiience that was invaluable foi the pei- 
foimance of the opeiation on the hnman being 

x-V new exposnie for the resection of the pencardinm is presented 

ABSTRACT OF DISCUSSION 

Dr Lfo Eloesser, San Francisco I sliould not like to let Dr Beck’s 
remarkable piece of work go without a word Last year in an operation on a 
Chinese child about 4 years of age, I went through a pericardium so extraordinarily 
thick that I did not know whether I was dealing with pericardium or m^ocardlum 
until, slowly proceeding, I fortunately found a small, free pericardial cavity The 
pericardium was fully half an inch thick, and there were some tender adhesions 
between it and the myocardium, j'et they could be readily separated 

To my dissappointment I found, after resecting the pericardium, that it was 
tuberculous The child, after making a temporary recovery, died about three 
or four months afterward of tuberculous meningitis 

Dr How \RD Lilienthal, New^ York I am always thrilled wdien I hear 
a presentation such as w'e have just had by Dr Beck I have wanted cases such 
as these, but I have had the greatest difficulty in persuading our physicians to 
turn them over to me Dr Groedel of Bad Nauheim happened to be coming to 
this country at the same time that a patient of his with Pick’s disease and cal- 
cified pericardium came over He turned the patient over to me, and I operated 
on her She was a woman m the early tw'enties with enormous ascites, slight 
hjdrothorax on each side, edema of the legs and feet and acutely ill I believe 
that I have reported this case before, or, at least, have mentioned it here My 
onb reason for speaking of it now is that in this patient, whose condition was 
almost as bad as it could be, I made the Duval-Barasty incision with satisfactory 
results If the incision is made almost to the umbilicus, cutting straight through 
the diaphragm and the center of the sternum with Shoemaker’s sternum shears. 
It IS astonishing to see what an enormous exposure of the pericardium wnll be 
effected 

Dr Groedel’s patient was relieved by what I did for her and w'as able to 
leave the hospital, although I found that the pericardium had literally turned 
to stone I did the best I could to get into it from the apex upw'ard, but I found 
that It was quite impossible, so I made an incision at w'hat seemed to be a less 
dangerous place tow'ard the base of the heart and opened directly into the auricle 
I was naturalh alarmed and packed the pericardial w'ound with gauze In spite 
ot the complications including a slight infection, the wmman w'as able to be up 
and around tw'o or three w'eeks after the operation and left the hospital “improved,” 
e\en with so little freeing of a comparatively unimportant part of the heart, the 
auricle Something caused the improvement of that patient I cannot believe 
that It W'as the splitting of the sternum, because of the calcified pericardium 
The roentgenogram had demonstrated that before the operation, but then I thought 
that the pericardium w'ould be like a nutshell that I could break and peel open 
as one would an almond from the kernel 
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Mv only reason for inflicting this history on jou now is in the hope that 
Dr Beck will not do the operation which he has cleverly enough devised and 
which involves cutting the ribs on both sides of the sternum I believe tiiat 
the Dinal-Barasty incision is not conducive to postoperative shock from wiwt 
I was able to observe in this one, but ver\ difficult and dangerous, case I do 
not believe that this operation would be as dangerous ultimately as to operate 
on both sides of the sternum, wnth the danger ot entering both pleural cavities, 
or one at anv rate 

I w'ould suggest also that in this operation an anesthetic should be read) for 
intrapharv ngeal h) perpressure 


Dr E D Churciiilr, Boston I have been impressed by Dr Beck’s veil 
rounded presentation of a clinical case supplemented bj careful experimental work 
There are man} interesting problems presented b^ an adherent heart I believe 
that the adhesions between the two layers of tlic pericardium are the least important 
in the production of symptoms On the basis of one case that came to autopsv 1 
can confirm the experimental observation of O'* Beck that cardiac decompensation 
can occur without there being am adhesions between the two lasers of the pen 
cardium In the case mentioned the outer la}cr of the pericardium was drawn 
laterall} and fixed to a scarred area of tuberculosis in the lung The patient 
'bed show'ing the signs and sviuptoms of cardiac decompensation with tremendous 
diht ition and h} pertrophy of +he heart Autopsv revealed no valvular disease 
anrl no adhesions betw'cen the la}ers of the pericardium 

I think that it must be accepted that the adherent heart is a mechamcalh 
disabled one and that this disability need not alwavs be evident clinically 
cannot believe it to be a coincidence that Pick s disease is frequently referre to 
as “ascites praecox ’’ It seems to be characteristic for the symptoms to occur 
at this age, the age at wdiich the lapid growth of the body with 
metabolic needs requiies an increased cardiac output The heart fails to m®^ 
this demand because it is unable to increase its diastolic filling, owing to 
throttling scar I have under observation a phvsician from Nova Scotia w o i^^ 
acute pericarditis m 1897 w'hcn he w'as a student at Johns Hopkins 
He settled in Nova Scotia, carried on the active life of a 
and only recently broke down when, supei imposed on Ins mechamca im 
myocardial damage occurred, not only fiom advancing arteriosclerosis, o 
repeated tonsillar infections , 

From a study of the case described I have independently come to 
conclusion about the incision that Dr Beck expounds, should my ^gree 

operation, I should approach the area on the right of the sternum cain^ 
with the view that the Duval-Barasty incision is without /g^lljgsions 

circulation I used this incision in a case with a diagnosis of pericar 
The patient died about twelve hours after operation with exact } t le pg^ient 
toms that Dr Elliot Cutler described in his cases of mitral stenosis ^utops' 
had no pericardial adhesions, and nothing but exploration was attemp 


show'^ed marked stenosis of the mitral valve fjrd 

To repeat the warning of Schmieden, left-sided adhesions siou pgripiiem^ 

so that the area of passive congestion is not transferred rom j 

venous system to the pulmonary bed by release of the right si e o ^ 

Dr John Alexander, Ann Arbor, Mich Mithin the dicabb”- 

operated on two patients with pronounced pectis excavatum ^ear 

symptoms In the first case the sternum had graduall} -mre ^'on admission tlici''- 
following a slight injmy, which was probably not a fracti 
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w ere dj spnea and much pain, and the heart had been forced into the left hemithorax 
\t an open operation I lifted the depressed sternum and its attached depressed 
cartilages and held them m the normal position until boii}' union had taken place 
Near!}' a year later, the bov was well and free from the symptoms that required 
operation 

The second patient was a joung woman whose deformity followed a sternal 
iracture two years before operation She had severe carchocirculatory dis- 
turbances with disabling anginoid pains, which disappeared after operation 
Operation consisted in removal of the sternum and portions of its attached 
cartilages and sewing the pectoral muscles together over the defect There was 
direct evidence at operation of firm pressure of the sternum on the heart In 
each of these cases the s\mptoms were probably caused by pressure on the heart 
rather than bv pericardial adhesions 

Dr D B Cole, Richmond, A’a I rather hesitate to discuss such a brilliant 
presentation, but wish to report the case of a patient operated on by Dr Frank S 
Johns, who presented swuptoms ot pressure that were due to pericardial 
adhesions 

The apex beat of the heart had been pulled to the second interspace anterior 
axillary line, and the entire heart rvas lotated upward, backward and to the left 
There was also an adhesion from the pericardium to the diaphragm 

The patient first developed signs and sjmptoms of mitral stenosis followed bj 
those of pulmonic stenosis His lips became cjanosed, and cardiac decompensa- 
tion dcvc'oped A phremcectomy was done with considerable relief trom symp- 
toms, especially those of decompensation The patient continued to have signs 
and symptoms of pulmonic stenos's until large sections of the third, fourth and 
fifth ribs were removed This gave the patient an elastic chest wall, and prompt 
SAmptomatic relief resulted The patient has been followed up rather closeh 
and now shows neither signs nor symptoms of cardiac disease 

Dr ClatjDe S Beck, Cleveland We feel that there should be few mistakes 
111 the diagnosis of the Pick syndrome when it is not complicated by other cardiac 
abnormalities It stands out as a fairly distinct entity The poh serositis, with 
little or no subcutaneous edema, the increased venous pressure, the absence of 
disease of the cardiac valves and the limitation of movement of the heart during 
diastole and systole, when occurring together, give a fairly certain diagnosis 
The cases of pericardial adhesions that are complicated by other cardiac disorders 
however, are difticult to diagnose Not only is the diagnosis of this group of 
cases baffling, but the result following operation for relief from the adhesions 
cannot be as good as m the former group 

I sa,v a case m consultation with Dr Emmett Holt m Baltimore a few 
veeks ago in which the child evidently had adliesne pericarditis and also defective 
aortic and mitral valves There was great decompensation The heart was ver\ 
much enlarged We felt that even though the adherent pericardium uere removed 
♦he resulting condition would not be sufficiently improved to warrant operation m 
this case 

Concerning the degree of shock associated with the Duval-Barastj exposure 
of the heart, I can say that m one case in which this exposure was used — the case 
of a patient with a W'ound of the heart operated on by Dr Har\ei of New 
Ha\en — the operation did not seem to produce shock but certainh m cases of 
great decompensation it has been our experience that this exposure causes a 
certain amount of shock 



ANTEROLATERAL COSTECTOMY FOR INADEOUAIE 
COLLAPSE FOLLOWING POSTERIOR EXTRA- 
PLEURAL TI-IORACOPLASTY 


CARL A HEDBLOjM, MD 

CHICAGO 


Rest, collapse and compiession of the diseased lung aie accepted 
fundamental piinciples in the tieatment for pulmonar}' tuberculosis 
That degree of suspended actnuty oi compiession is indicated that is 
necessai}'’ to hung about peimanent aiiest of the tuberculous lesion, to 
lelax the tension of the seal tissue and to heal cavities The decieased 
demands on lespiiatoiy function incident to ph3’^sical inactivity oi lest 
m bed may fulfil the indications The degiee of lest and partial 
collapse of the lung that results from paial3'zing the diaphragm by 
phrenic cuishing or evulsion nia3 tuin the tide The eftectiveness of 
collapse following artificial pneumothorax is due to the relativel3 com- 
plete collapse of the diseased lung The failuies of this method aie 
due chiefi3^ to adhesions pre^ enting complete collapse, to too eai ) 
abandonment of the method and to complications attributable to it 
The piinciples undeilying posteiioi extrapleuial thoracoplasty aie 
piacticall3' identical with those of aitificial pneumothorax The 
of collapse of the lung lesulting fiom it depends on the extent o tia 
of the thoiacic wall It varies within wide limits, but is never ^ 
plete as that which follows complete pneumothorax The 
posterior extiapleuial thoi acoplast3'^ in properly selected cases 
favorable in proportion as the degiee of collapse fulfils the incica 
set by the pathologic anatom3'^ of the lesion A partial thoracop^ 
ma3'- be sufficient in case of a stiictl3'" localized pathologic process, ^ 
cially one of the apex of the lung A limited degree of 
whole thoracic wall may be equall3'^ effective in case of a more 
involvement, but, generally speaking, the moie complete the 
more certain it is that the results will be favorable Sauer 
that an extensive extrapleural thoi acoplast3f furnishes the es 
ical and anatomic basis for the healing of the tuberculous 

In any individual case the compression of the lung for 

be adequate, even though partial or submaximal, if Tl'c 

it are fulfilled, but this is difficult to determine be proper!' 

failures of thoracoplast3'- to arrest the tuberculous degree ot 

selected cases are due in large measure to an ina equ 
pulmonar3^ compression 
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The causes of an inadequate collapse following posteiioi extiapleuial 
thoiacoplasty may be niheient in the pathologic piocess or in the 
operative pioceduie 

Inflammator}^ thickening and defoimit}'- of the ribs and thickening ot 
the pleuia lessens the degiee of collapse A pulmonaiy caMt}" sui- 
rounded by thick walls of inflainmatoi}’^ tissue, especialh if situated 
centrally, ma}" lemain incompletel}'^ collapsed A laige chionic tubei- 
culous empyema cavity usually persists in part and alwa-^s does so if 
there is open diainage 

The t} pi cal posteiioi extiapleuial thoiacoplast}'' consists essentiall} 
of lesection of the uppei eleven iibs flush with their lespective tians- 
A^eise piocesses in two oi thiee stages, at inteivals of fiom one to 
seveial weeks Vaiiations m this operative piocedure that most influ- 
ence the degiee of lesultmg collapse aie the length of segments of iibs 
resected and the time interval between stages 

The longei the segments of iibs removed, under similai conditions, 
the more complete the mobilization of the thoiacic wall and the ultimate 
pulmonaiy compiession Theie is, howevei, a distinct limit to the 
degiee of mobilization of that thoiacic wall that may be induced at any 
one sitting without the pioduction of paradoxic lespiiatoiy movement 
of the thoracic wall and mediastinal flutter A similai mediastinal 
flutter may lesult fiom lesectmg at one stage shortei segments of a 
larger number of iibs Generally speaking, the tendency to mediastinal 
flutter in any given case with a mobile mediastinum is proportional to 
the aiea of thoracic wall depiived at any time of its rib support 

Extensive paiadoxic movement of the thoiacic wall and wide ampli- 
tude of mediastinal flutter must be avoided at any cost This was cleaih 
demonstiated by the pioneer work of Biauer and Fieidnch, who lost 
nearl}^ 30 pei cent of then fiist twenty-seven patients following com- 
plete resection of all the ribs in one stage Any degree of mediastinal 
flutter alwa 3 '^s adds to the respiratory load on the other lung and theie- 
foie inci eases the risk of inciting to activity a doimant lesion m it 
The only way to avoid it is at a sacrifice of the length oi of the numbei 
of ribs resected at one stage The beginning of paiadoxic movement 
of the thoracic wall during the progress of the operation is ample 
warning 

Pei haps the most frequent cause of an imperfect collapse referable 
to the operation is regeneration of the ribs between stages As is well 
lecognized, the major amount of collapse is due to a diop of the whole 
thoracic w^all in the long axis of the body after the thoracoplasti is 
completed The longei the inteival between the first and last stage 
the more extensive and advanced the regeneiation of the ribs, and the 
less the ultimate drop of the thoracic W’^all But prolongation of the 
intenal betw’'een stages ma} be unaioidable Frank purulent infection 
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of the wound, pneumonia oi activity of a tubeiculous lesion in the 
opposite Jung, se^eie hemoptysis oi the pooi geneial condition of the 
patient may necessitate a piolonged mteival between stages 

A multiple-stage thoi acoplasty at piolonged intervals extends the 
hope of a cuie fiom pulmonaiy compiession to a laige gioup of patients 
m too pool condition to sui\ive a two-stage oi even a three-stage oper- 
ation, but the lesulting compiession of the lung fiom posterior thoraco- 
plast}^ alone is almost ceitain to be inadequate because of regeneration 
of the libs The Jaigei the piopoition of such othenvise hopeless 
patients the suigeon accepts foi a multiple-stage operation, the greater 
will be his piopoition of cases of inadequate collapse following posterior 
thoi acoplast} 

The pimciple of complete costectoni}" was embodied in the single- 
stage opeiation of Fieidiich and Biauer aheady cited The operation, 
raiiousl) modified, has been desciibed by Biunnei. Welles Jacobaeiis 
and Ka}' and otheis but the secondai} complete anteiolateial costectonn 
thiough a midaxillaiy incision has not lecened the attention it merits 


INDICAUONS 


The indications foi an anteiolateial costectomy, as already sug- 
gested, aie in pait s3'mptomatic and in pait anatomic Peisistent symp- 
toms, such as cough with bacilli-laden sputum hemopt}Sis and feier 
or lecuiience of such symptoms, following an aveiage degiee of co 
lapse, aie indications foi complete costectomy provided causatne 
lesions elsewheie can be excluded (fig 1 ) Anatomic indications are 
persistent pulmonaiy or pletiial cavities Paitial pneumothorax caij^ 
ties, m 111}^ expel lence, aie usuall}'' obhteiated b} an aveiage 
collapse of the thoiacic wall combined with aspnation of the air 
when foi an}^ leason this collapse is less extensive a cavity nia} 

A chionic empyema usuall}" persists m part even following resectio 
\ery long segments of iibs (fig 2) Such a persistent emp) cma^^ 
become secondaiily infected oi it may perforate into a bioiic 
one of my patients, di owning him in his own pus Prolongec a 
tion may lead to am 3 doid degeneiation and other visceral daina^jC ^ 

Unobhteiated pulmonai 3 '^ cavities aie usualJ 3 ^ the of 

sistent cough and bacilh-laden sputum and are a potentia 
hemopt 3 ^sis Such cavities, if centrally situated, requne tie m 


plete compiession for then obliteration niaMiiial 

A persistent dextiocaidia ma3'' be in part collected b 3 t 
collapse that lesults from antei olateral costectoin3" ” ® j-elieiccl 
my expel lence, a marked grade of tach3caidia was part 


eren though the malposition of the heait was cor 



1 — A roentgenogram of a woman, aged 26 She had a fe\ er, cough \\ ith 
bacdh-laden sputum, recurrent profuse hemoptjsis requiring repeated transfus on 
of blood, which persisted after incomplete positive pressure pneumothorax collapse 
Vomiting, tachycardia and prostration characteristic of profound toxemia occurred 
following a three stage posterior extiapleural thoracoplasu at se\en da\ 
interrals The hemoptjsis ceased, fe^er subsided and tuberculosis bacilli dis- 
appeared from the sputum There was a marked gam in weight and strength 
during a period of fi\e months Following a cold’ the SMiiptoms recurred and 
sputum became positne C, after a two stage anterolateral costcctoim at a 
fourteen da^ inter\al The patient again became relatueh SMuptom-free and has 
remained so during the ^ear that has elapsed since the last operation 



tuberculous emm of a woman, aged 30, who iiad secondanlv infected 

was begun B ^velopmg two months after artificial pneumothorax fherapi 

IS shown filled ^ Posterior extrapleural thoracoplasty The residual cant' 
obliterated folio ^ sodium bromide solution C, showing cavit} complcteh 
III roentgenooTp"''”^ ^ stage anterolateral costectomv Residual sinus sIio«n 
during the closed completely Marked general improiement lias per-'isfe 

an a half elapsing since operation 
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TECHNIC 

Anteiolateial costectomy is technically not difficult If the neive 
tuink was citished at the tune of the posteiioi lesection, costectomy can 
be done with a minimum of local anesthesia A little gas anesthesia 
may be indicated only to lelieve ps 5 chic stress The incision is made in 
the midaxillaiy line (fig 3) The muscles of the anteiioi and posterior 
axillaiy folds aie undermined and thus not damaged (fig 4) Usually 
it is desiiable to lemoA^e the upper nine oi ten antei olateral segments 
This can be safely accomplished m two stages, the upper five being 
lesected fiist Foi the appioach to the fiist iib, the position of the 



Fig 3 — Showing midaxillary incision for anterolateral costectomj' 

patient is important He lies on his side with the arm on the side to be 
operated on, extended above his head, where it is tied to a suppoit The 
incision extends m the axilla to the second rib The soft tissues are 
next undeimmed, exposing the ribs 

The secret of the relatne ease with which the ribs ma^' be resected 
in spite of a limited exposme lies in the fact that their posteiior ends 
are alieady partly mobilized and sene as a pivot on which the iib ma} 
be rotated in separating the periosteum The iib is first liberated from 
the penosteum in its median, most accessible portion (fig 5) It is then 
reti acted outwaid, Avhich facilitates separating the penosteum to the 
costochondial junction where it is cut The mobilized anterioi extrem- 
it\ of the rib can then be pulled forwaid which facilitates the separation 
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ot the peuosteum postenorly This is done fiist on its otitei aspect, then 
trom its upper edge The iib is now lifted foi the stnpping of the perios- 
teum from its lowei edge and mnei aspect This technic i educes tiauma 
to the intei costal vessels and consequent bleeding to a minimum Rotation 
in a laige arc now serves to liberate the posteiior extiemity If suf- 
ficient time has elapsed between the posterior and the anteiolateral 
lesection, a spur often foims at the proximal end of the anteiolateral 



Fig 6 — Anterolateral segments of upper ten ribs to costochondral junction, 
total length 157 cm Note hooklike projection of the proximal end of third and 
fourth ribs 

segment to be lesected Owing to the diop in the iib tollowung the 
first lesection, this spur always points upw^aid (fig 6) When the nb 
ts rotated on its long axis for the purpose of liberating this portion, it 
should be m the diiection that lifts this angling spur aw'a} from the 
pleura If lotated m the opposite duection, it ma} penetrate the lung and 
cause infection of the wound and a bionchial fistula This occurred m 
one of nn cases Onh larely, m mj experience is union to the regen- 
erated posteiior segment so film as to require resection If necessari, 
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this can be accomplished unclei the guidance of the finger with an angled 
nb-resecting instiument 

Especial care is necessai} in hbeiating the first rib, but if precaution 
IS taken to keep inside the peiiosteal sheath, the overlying subclavian 
vessels will not be injuied 

The fascia and skin aie closed in layeis with a buiied Peniose diain, 
fiom which a stiand of catgut extends thiough the lower edge of the 
incision This diain is lemoved in twent3^-four hours 

At the second stage, the incision is prolonged downward to the 
eleventh intei space The lower ribs can be satisfactorilv exposed 
through this incision The technic for then leinoval is identical vith 
that foi lesecting the uppei iibs 


KKSULTS 


Dining the last fotii yeais I have iieifoiined this secondaiv anteio- 
lateial costectomy in twenty-six cases The indications were peisisteiit 
symptoms aftei the posteiioi thoi acojolastj’- in eight cases, recurienceof 
symptoms after a symptom-fiee penod of foui months in one, and 
of ten months in another Theie was an aveiage giade of collapse of 
the thoracic wall from the posteiior lesection m all these cases In 
thiee, legeneiation of the ribs m the course of a multiple-stage opeiation 
pi evented a satisfactoiy anatomic degiee of collapse, and in all, synip 
toms peisisted In two, theie weie laige unobhterated puhnonar) 
cavities and peisistent pneumothorax cavities In eleven, theie were 
unobliteiated empyema cavities secondai}'- to active puhnonar) tuber 
culosis The paiietal pleuia ovei lying a residual cavity was resecte 
later in all of these cases, with complete healing 

In all these cases the anteiolateial resection was as well oi 
tolerated than the posterior lesection There was one death attii u a 
to the operation This patient showed no moie immediate 
the average He ate his supper the evening of the day of opeia^ 
Gradually symptoms of an acute infection developed, and he w 
the ninth day Blood culture showed a hemolytic jjs 

patient had a persistent hemoptysis for which a secondary 
was pel formed, using the pectoial muscles to compress ur ^ 
upper lobe of the lung The hemorrhages were .^^l^j^^.six 

checked for a period of twenty-four months, but she loc ^^Qi-rhage 
months after the antei olateral costectomy, from a profuse lein^^ 

A bronchoscopic examination had been attempted on this pa 
Chevalier Jackson Clinic previous to the operation, but ai e 
of the profuse bleeding One patient had a persistent ^ on 
paradoxic movement of the thoiacic wall, with moderate ^ 

exeition The lower five ribs had been resected elsew pQgter’O^ 
vear before The regenerated segments were remo^ed at 
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operation and did not legeneiate a second time, leaving the lovei part 
of the thoracic wall permanentl} mobilized In all the othei cases 
regeneiation of the ribs has occurred 

The sputum of all of these patients lemamed fiee from tuberculosis 
bacilli One patient had symptoms of a mild m^olvement of the other 
lung dm mg the first year following the operation, but these symptoms 
subsided The emp3'^ema cavit} in all cases is healed Sixteen of the 
twenty-six patients are S)unptoni-fiee, except for moie or less d}spnea 
on exeition One of these patients is doing heavy farm work Eight 
may be classified as gieatly improved, the persistent S}mptoms being 
Aarymg giades of weakness, d3spnea on exeition and tach3caidia One 
has a persistent and one, recurient attacks of unproductive cough 
There is no loss of function of arm and shouldei except some limi- 
tation m extension of the arm, m a few cases, due to the conti acting 
scar There is no more noticeable deformit3" when the patient is 
diessed than results from the posteiior thoi acoplast3 The degree ot 

collapse of the thoracic wall and pulmonar3'^ compression is maximal in 
all cases 

SUMMARY 

Pulmonary collapse or compression ofteis the best if not the onl3 
hope of a cure to patients with pulmonar3' tuberculosis who do not 
get w^ell under modem sanatorium tieatment oi its equivalent 

The eftectiveness of artificial pneumothoiax is due chiefl3’ to the 
lesulting relati\ely complete collapse of the lung 

Posterioi extrapleuial thoracoplast3' is identical m principle with 
pneumothorax 

The degiee of pulmonar3'^ compression following posterior extra- 
pleuial thoiacoplasty varies wuthin wude limits, but is never as great as 
following complete pneumothorax A laige proportion of incomplete 
cures and lecurrences are due to a degree of compression inadequate 
to the individual case 

Compiession following posterioi extiapleuial thoiacoplast3 ma3 be 
considered inadequate if S3anptonis referable to the partialh collapsed 
lung persist or recur, or if there remain unobliterated pleural or pul- 
inonar3" caMties 

The cause of an inadequate collapse ma3 be mflammator3 stiftening 
of the lung or thoracic w’^all, oi regeneration of the ribs between the 
stages of the operation 

Anterolateral costectom3 following posterior thoracoplast3 consists 
in the subperiosteal resection of the remaining rib segments 

The indications for anterolateral costectom3 are persistent or recur- 
rent SMwptoms referable to the incompleteh collapsed lung or to the 
unobliterated pulmonar3 or pleural caiities 
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This opeiation lesults in a maximal pulmonary compression and 
obliteiates piilmonai}' and pleuial cavities oi reduces them to a minimum 
size It also facilitates pneumolysis when indicated for a persistent 
pulmonaiy cavity and is a necessaiy piehmmary to resection of the 
pleura ovei lesidual emp3'ema cavities 

The operation is technically not difficult, is relatively well tolerated 
and the postoperatne discomfoit is minimal 

By making possible an adequate degree of collapse in multiple 
stages at relatively long intervals, rt extends the mdrcation for pul- 
monary compressron to a considerable group of patients in too poor 
condition foi a two-stage or three-stage operation 

Antei olatei al costectomy is the logical pioceduie for “following 
through” 111 cases in which for any reason compression following pos- 
terior thoracoplasty is inadequate 

In my senes of twent3’’-six cases of anterolateral costectom3^ there 
has been one operative death from sepsis and one subsequent death 
fiom hemorrhage A maximal degree of pulmonary compression and 
obliteration of cavities was effected in all cases 



THE UNFAVORABLE RESULTS OF PHRENICECTOMY 

FRANK B BERRY, MD 

NEW YORK 

Duiing the past decade, a lathei extensive liteiatuie has accumulated 
on the surgeiy of the phrenic neive as applied to pulmonaiy tubeiculosis, 
hi onchiectasis and abscess of the lungs This hteiatuie has become 
incieasingly voluminous, paiticulaity m the last four oi five yeais Most 
of the authois have dealt with the subject (1) puiely fiom the academic 
standpoint, (2) by repoiting senes of cases vaiying in number fiom 1 to 
600, or (3) by combining both of the foiegoing methods of appioach 
The technic of phrenicectomy and exaiesis has been adequateh desciibed 
mau}'^ times, and as a lesult the piocedure, with minoi indnudual vaiia- 
tions, has become standaidized The accidents to be avoided and cautions 
against them have almost all been diiected towaid eiiors in technic and 
how to avoid them, and also to the possibility of gi ave and una^ oidable 
mediastinal hemoi rhage 

Among the technical eriois that have occuiied, even with expeiienced 
opeiatois, aie injury to the thoiacic duct, the vagus oi the sjmpathetic 
neives, the biachial plexus, the adjacent gieat vessels oi impoitant 
blanches of them and the dome of the pleuia These and the anomalies 
01 abnoimal positions of the phienic neive itself have aheady been 
detailed at length so often and so well that I need waste no time on them 
Fuitheimore, they should always be to the foie in the mind of any 
surgeon while performing opeiations in this legion 

I shall not discuss the indications for phienicectomy whethei the 
neive should be crushed, divided, lesected or avulsed, noi the lesults 
obtained from these vaiious pioceduies I have attempted no anahsis 
of iny 160 cases quoted herein, which comprise opeiations of all the 
aforementioned types by Dis Lambert, Gieenough Weeks and myself 
111 vaiious institutions dm mg the past five years This studv has been 
stnctly limited to a small gioup of cases in which theie haAe been 
unfavoiable reactions immediately following operation on the phrenic 
neive that has resulted in paialysis of that portion of the diaphragm 
supplied It In all of these instances the operatu e procedure has been 
perfectly peifoimed without technical slip of any soit Except for the 
possibilit} of mediastinal hemorrhage, this phase of the subiect has 
scarceh been mentioned m the literatuie of any of the English speaking 

From the Department of Surger\ College of Ph\sicnns and Surgeons New 
crk, and the First Surgical Dnision, Belleiue Hospital 
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countnes, doubtless foi the leason that the chances toi pooi results 
directly attiibutahle to the opeiation have been considered to be negli- 
gible The operation is usuall} presented to the patient as one without 
risk, which the surgeon hopes will prove of great benefit, but which in 
all events can do no harm That accidents and complications can and 
do occur, however, in no way lefeiahle to the operative technic, has been 
recognized especially by the Geiinans, and numerous cases of such 
sequelae have been lepoited h} them, a few have also been reported b\ 
the French and Italians In some of these the outcome was fatal, in 
some the patients recovered 

From a review of the liter atm e of the past five years I ha^e obtained 
a total of 4,697 cases of pbiemcectomy, including cinshing and simple 
division of the neive Of these, 3,050 were reported by Geimaiis and 
Vusti rails, 1,217 by Amei leans, English and Canadians, including m\ 
senes, and 430 by French and Italians The individual seiies lecoided 
hi these authors consisted of fiom 1 to more than 600 cases In this 
entile group of 4,697 cases there haie been 57 (1 2 pei cent) complica- 
tions direct!} attributable to the operation, and of these, 26 (0 5 pei 
cent) were fatal It thus becomes clear that when these sequelae occui 
theA are of a most serious natuie, as over 40 pci cent of them hare 
ended in death 


iiemorrhagt: 

As the phienic neive and its accessoiies. nr part of then course, he 
in intimate contact with the subclavian, jugular and innominate reins, 
and the subclavian, internal mammaiy and peiicaidiophiemc arteries, 
hemorrhages that occur are ascribed to trauma to one of these vessels br 
the armlsion of the neive Most commonly they seem to be due to a tear 
of the per rear diophi enic artery, although injuries to the large veins ha'^ 
also been mentioned Two instances of fatal henioiihage have lee 
lepoited b} Kleinschmidt ^ as harnng occurred in Sauer biuchs cini^ 
another by Rist, one by Thomopoulos • and two b} Her ben, siv m 
Likewise, Matson'* mentioned a case of nonfatal hemorihage 
pulling away a bit of the wall of the jugulai vein It is easy to n 
stand how this danger would piobabl} be greatest with those 
whom fibrous mediastinitis is present with marked scan mg an 
tion Fortunately, I have not as r'et met with this teiiif'\ung 
Furthermore, whene'ver the nerve cannot be readily drawn up 
mediastinum or when a chi onic mediastinitis is i ecognized oi sus 


1 Klemschmidt, P Deutsche med Wchnschr 53 473, 19 > 

2 Thomopoulos A Pans 1925 

3 Herben, G F Personal communication to the author 

4 :iIatson, R C Tr Coll Physicians 49 167, 1927 
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I am always satisfied with a model ate lesection of the neive such as 
ma) be obtained without undue ti action 

iMatson, m his excellent aiticle, desciibed the piesence of a small bit 
ot anthiacotic lymph gland that accompanied an avulsed nene m one 
instance, and mentioned this as an etiologj foi a possible suppuiative 
mediastimtis No such cases have been repoited up to the present, 
howCAei Of a somewhat similai natuie, but due to a teai of the 
mediastinal walls, aie two cases lepoited by Deist ° and anothei by 
Seigent, Baumgaitnei and Boidet® In Deist's patient a pneumothorax 
developed, and latei a pvopneumothoiax, following avulsion of the 
nene, m Seigent’s case exaiesis of the neive caused pnenmothoiax and 
mediastinal emplnsema Both of these patients died 

Othei causes of death ha\e been given as follows Beig ' described 
death six horns aftei opeiation fiom pulmonai} embolism as shown at 
autops} Chandlei ® ascubed death m his patient foui houis aftei 
opeiation to pulmonai y edema Cuiti’s'’ patient died m ten days with 
peisistent d\spnea and tachycaidia Hedblom leported one death 
from lespiiatoiy insufificienc} Leiiche’s patient with bionchiectasis 
mentioned by Seigent and his collaboiatois, died on the opeiatmg table 
of asphvxia shoitl} aftei the neive had been aMilsed Neciopsy showed 
the opposite lung flooded with the secietions, hence the patient, dyspneic 
and with his abilitv to cough diminished, had liteially drowned in his 
own secietions The lemammg thnteen deaths in this gioup of fatalities, 
including the case to be cited, weie due to pneumonia oi a spread of the 
tuberculous piocess in either oi both lungs immediately subsequent to 
opeiation (table) 

Thn t y-one patients, although they suivned, weie made distinctly 
woise In the operative pioceduie, which seemed to produce either a 
piompt spread of the disease or the development of pneumonia in one 
01 both lungs Theie is one exception, the case of a patient with tuber- 
culosis and positive sputum, repoited by LoewenthaD^ Following 
phrenicectomy, a typical abscess with cavity formation, fluid level and 
chaiacteiistic abscess sputum appealed m the lung of the side on which 
opeiation had been peifoimed and then giadually cleaied up spon- 
taneously 


5 Deist, H Beitr 7 Klin d Tuberk 63 424, 1926 

6 Sergent, E , Baumgartner, R , and Bordet, F Bull et mem Soc med d 
bop de Pans 50 20 1926 

7 Berg, W Deutsche med Wchnschr 54 874, 1928 

8 Chandler, F G Brit M J 2 605, 1928 

9 Curti, E Policlmico (se? prat ) 34 1474, 1927 

10 Hedblom, C A J Michigan M Soc 28 535, 1929 

11 Loewenthal, M Beitr z Kim d Tuberk 71 712, 1929 
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REPORT or CASES 

Case 1 — M K , a woman, aged 35, single, was admitted to Summit Park 
Sanatorium in December, 1926 There was extensive tuberculosis of the right lung 
with fibrosis and cavitation and with considerable retraction of the heart and 
trachea to the right The left lung contained a healed lesion at the apex Sputum 
was positive She improved verj' slowly while at the sanatorium, and it was 
finally thought that phrenicectomy might be beneficial This was performed on 
Nov 21, 1928, and was followed by considerable gastric disturbance Fluoroscopic 


Causes of Death FoUozviug Flu euiccciomy 


jSO of 

Author C»«es 

BcrR, W Deutsche mod '\^chnsch^ ■»4 87), 1 

192S 

Chandler, 1 G Brit J 2 G05, 192S 1 
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Herbcn, G L Personal communication to the 2 
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Miller, J A Personal communication to the 1 

author 
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Total 20 


Cnusc of Death 

Time 

Pulmonarj embolism 

6 hours 

Pulmonarj edema 

4 hour' 

Dyspnea and tachycardia 

10 days 

Contralateral spread of tu 
bcrciilosis 

? 

Pneumonia, pyopneumo 

thorax 

? 

Rcspiratorj msufflciency 

9 

Hemorrhage caused bj aiul 
Sion of ncnc 

9 

Pneumonia 

9 days 

Spread of tuberculosis 

t 

Contralateral spread of tu 
borculosis 

1 

Spontaneous pneumothorax 
and mediastinal empni 
soma, on table of as 
pbjxia, hemorrhage, 24 
hours 

pneumonia or spread of tu 
borculosis 

Mediastinal hemorrhage 

Iday 

f> 

? 

Seiernl 

Pneumonia 

weets 

Hemorrhage from pericar 

7 

diophrcnic arterj 

24 hours 

Pneumonia and edema 


examination three days later revealed the heart pulled even more to t ie r^^ 
formerly and the trachea markedly deviated to that side The diapiruo 
not be seen, because a dense shadow obscured the diaphragm an uHo 
right, except for the cavity in the upper lobe, which now appeare mo 
defined than previously ^ ^ pf jlie 

On physical examination, there was marked dulness over the rio i (.qj, finned 
chest, but the breath sounds were clearly heard X-ray films com 

the fluoroscopic observations Symptomatically, the patient was ^ profuse 
fortable She did not do well, however, and in August, 1 j J® 
hemoptysis, after which the signs of a large antrum m the ^ ipas'"^ 

right lung appeared In December, 1929, roentgenograms stil upper loke 

atelectasis on the right and now some fresh infiltration m t le 
Bronchoscopic examination showed a marked angulation o jrrollcn and 
bronchus, and the mucosa of the bronchus of the middle o e 
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bled easily This obscured the picture, but it was thought that there was in 
addition a definite obstruction in the bronchus of the lower lobe At present 
the patient is at home and gradually going downhill 

It would appeal that phi enicectoray in this case, foi some unex- 
plained leason, caused a massive atelectasis of the homolateral lung 
Avhich was accompanied by almost no symptoms, but which, neveitheless, 
has lesulted in a stead}?- piogiession of the disease It was advocated 
heie as a test opeiation befoie and as an aid to thoi acoplasty, but the 
outcome was pool 



Fig 1 (case 1) — A, before phrenicectomy B, after phrenicectomy Massive 
atelectasis is present 


Case 2 — M I , a woman, aged 30, had a history of “bronchitis” for several 
jears with two hemoptyses, one m 1922 and the second in 1928 She had taken 
rest treatment intermittently, and for nine months previous to her admission to 
the Fifth Avenue Hospital, in January, 1929, had noticed some pain in the lumbar 
region Roentgenograms of the lungs and back revealed an extensive fibrocaseous 
tuberculosis of the right lung with cavities in the upper lobe and considerable 
fibrosis in the lower lobe On the left side there was early infiltration in the 
upper lobe and some thickening about the lulus Also, there was partial destruc- 
tion of the third and fourth lumbar vertebrae and the intervertebral disk At that 
time the patient was raising about 120 cc of sputum a day She was in bed on a 
Bradford frame from Jan 17 to June 5, 1929 From Maj? 24 to June 5, she had 
daily hemoptyses varying m amount from SO to 500 cc , and on June 1, was given 
a transfusion of 300 cc of blood Right phrenicectomv was performed on June 5 
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with the hope that the bleeding might be arrested At that time the temperature 
averaged from 99 to 100 F , the pulse rate uas from 90 to 120, and respiration, 26 
Immediately following operation there was djspnea with a pulse of from 120 to 
140 and a respiratory rate of 32 and later 40 There was a rise in temperature to 
101 F , and twenty-four hours later a drop to 97 F Cough and sputum diminished 
markedly at once Her physical signs, however, were those of steadih incrcasins: 
moisture throughout both lungs, and medium and coarse rales could be heard 
everywhere The dyspnea and rales increased, she became cyanotic, and fiiialii 
died forty-five hours after operation 


In this instance ])hienicectomv was advised almost as a last mea- 
suie The disease had alieady lighted np and was piogiessing lapidh 
with daily laige hemoptyses It was hoped that phi enicectoim might 
contiol these Instead, hei ahead} delicate cardioiespiiatoi} balance 
was upset and hei ability to cough hindeicd, with lesultant pioinpt 
bi onchiogenic spiead and death 


Case 3 — C B, a man, aged 35, had had tuberculosis for fi\e rears The 
lesion was extremely fibroid and was confined entirely to the right lung, chiefli 
the upper lobe There were two small cavities at the apex and tremendous fibrosis 
with marked retraction of the heart to the right, pulling up of the right side of the 
diaphragm and pronounced displacement and angulation of the trachea In fact, 
the pull on the trachea rvas so marked that the patient became drspneic on 
relatively slight exertion In addition, exercise produced occasional smd 
hemoptj ses The temperature varied between 98 and 99 F , the pulse rate ' 
and the respiratory rate, 18 Phrenicectomy was performed on March 6, 1 
The djspnea increased immediately, and the hemoptyses continued The tempera 
ture rose to 101 F for forty-eight hours , the pulse rate was 100 and the respira 
tory rate from 26 to 30 for five days Roentgenograms showed diffuse sha ons 
all over the right pulmonic field, the trachea even more deviated to the right tiai 
formerly and the heart entirely within the right side of the chest The sMiiptom 
gradually cleared up, so that there was eventually less dyspnea than before 
tion, and x-ray films showed a disappearance of the atelectasis with a 
the heart and mediastinum to their former positions Nine weeks after opera 
the patient’s condition was about the same as before the phrenicectonn 

In this case phi enicectomy was peifoimed to lessen the 
hemoptysis A tempoiaiy atelectasis appealed on the opeiate 
without untowaid results So far, however, there has been no ^ene 


C^SE 4 — M K , a girl, aged 19, had had fibroid phthisis of the lower 
left lung for two and a half years In November, 1929, an acute esion 
in the upper lobe of the right lung This gradually responde to a 
but late in February, 1930, a cavity appeared m the old process m le ^ 
lobe She was m excellent condition, with a temperature of on j Tb>' 

was felt that a phrenicectomy was indicated and would be most 
was done on March 14 That evening she was somewhat dyspneic ai^^^ ^ 
perature was 102 F The following morning her temperature niarlefl 

pulse rate, 150, and respiration, 30 Over the left lower 
dulness and complete absence of breath sounds and rales A 
atelectasis of the left lower lobe was made, and confirmed later j a ro 




Fig 2 (case 4) — Before phrenicectomj' There is a healing lesion on the right 
nith fibrosis, and a cavitv in the left lower lobe 



^ (case 4) — A, tw'enty-four hours after operation There is massue 
atelectasis of the left low’er lobe B, fortj -eight hours later The atelectasis has 
arecl up, wnth a return of the mediastinal structures to their normal positions 

Bronchopneumonia 
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The next clay dulness was less and breath sounds and rales could be heard ocer 
the affected lobe, twenty- four hours later a second x-ray film showed an 
apparent bronchopneumonia of this portion of the lung The heart had returned 
to Its normal position, and the lung appeared well aerated After about a week her 
temperature, pulse and respiratorj'- rates came down, and she improced steadil) 
Bronchoscopy w’as not performed, because she never looked as ill as her pulse and 
temperature seemed to indicate, and she w as always able to cooperate well and to 
cough freely 

In this case I felt that the collapse of the lowei lobe immediately fol- 
lowing phremcectomy was so gieat, owing to the high use of the 
diaphragm, that theie was tempoiaiy inteiference with the diainage of 
the cavity and a lesulting plugging of the bionchus of the lower lobe 
with thick seci etions Atelectasis developed, with a sharp general reac- 
tion This soon cleaied, howeter, but was followed by a mild broncho- 
pneumonia, foitunatel}'’ with lapid impiovement 

SUMMARY 

I hare endear oied to point out that theie is a definite iisk associated 
rvith ciushing, lesection or arulsion of the phienic nerve Fiftr -seven 
cases, toui of rr Inch are mv orvn, have been leviewed in rvlnch phrenicec- 
tomr rvas most detrimental , trventy-six of the patients died as a result 
of the opeiation These pool lesults have all been subsequent to 
pi Opel Ir pertoimed opeiations rvithout technical error In vierv of the 
fact that theie is such rvidespiead advocacy of phremcectomy as a haim- 
less pioceduie in cases of pulmonaiy tuberculosis, bronchiectasis an 
even abscess of the lungs, it rvould seem rvise to sound a rvord of caution 
and to call attention to the i isk involved, slight though it is 


CONCLUSIONS 

Horv ma 3 r these accidents be avoided^ As to the selection of case^, 
Dumaiest and Beiaid^" have mentioned that theie is less danger o^ 
mishap in cases that have become moie or less stabilized 
rrdiom the disease is acute and piogiessive do not respond so rr^ 
Case 2, in rvhich the patient died, is an example of this 

Another gioup of patients who may have trouble are those rviti 
amounts of sputum, as in bronchiectasis, or an extensive fi 
t 3 ^pe of tubeiculosis, in rvhich it is essential for diainage that 
be free and unobstiucted Phremcectomy does not always 
cough and expectoration, occasional^, it woiks just the '' ^cgj-crent, 
is rvell demonstiated b 3 ’' the case of bronchiectasis reporte ) » ^ 

Baumgaitnei and Boidet,® again by case 2, and more lecen 
patient of Di James A Miller^® w'lth bionchiectasis 


12 Dumarest and Berard, L Rev de la tuberc 9 I6h 

13 jdiller, J A Personal communication to the author 
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hindeied cough and diainage, with lesultant deciease in sputum, that 
the secietions puddled in the lung, and an extensive fatal pneumonia 
de^ eloped I theiefoie feel that phi enicectoni) is a seiious pioceduie 
in this t}pe of case also and should not be nuclei taken without full 
realization of the possible consequences 

With the foregoing facts in mind, it ma^ be possible to eliminate 
some of these unfoi unate complications It is not my wish to detiact in 
an} -wa} from the Aalue of phrenicectomy oi the great benefits deiived 
from It in all propeih selected cases I AVish merely to place befoie the 
medical piofession the fact that theie is a ceitam iisk (1 2 pei cent) 
of pool results associated Avith it, and a moi taht}’' of about 0 5 pei cent 
Finally, is it not possible that pei haps these figuies do not lepiesent 
all of the unfaAorable lesults and fatalities that have followed phieni- 
cectoniA ^ 



mechanics of collapse therapy and its 

indications 

OBSERVATIONS IN SEVEN HUNDRED CASES 
E J O’BRIEN, MD 

UCTUOIT 

pulmonaiy disea^e^th”^^Tn mteiested m the treatment for 

IHesenCtLTs Z , m 

involved in these'™ fundamental principles 

based on obsenationron 70o”o^° Present my deductions on the subject, 

out discusstnn tl f pcrative cases I hope that it will bring 

out di cussion that may lead to a better undei standing 

heal bv lesni™ Patients with pulmonaiy tubeiculosis the lesions 

the VI.Ve “ T"' T '“"‘“'---'ous p„e„m„„.a, b, .,r 

tormed* fih.n ‘•“'I contraction ol ne»))' 

to the liino- tissue has caused tlieir encapsulation Rest 

ciicuhtion'" of the lymph flo;^ and a retarded 

this fihrniil ^ lessened toxemia and an increased production of 
the rJnc) } Prohibiting this lest and unfaA 01 ably influencing 

letTifk 0 caAities when they exist, the noimal respiiatory cjcle 

ent uP ^ piomotes healing of these lesions as becomes appar- 

ent vhen one leMews the physiology of lespnation 

mechanism 

\ hile the mechanism imolved in the lespiiatoiy cycle is complicated, 
nicer} mg piinciples aie simple In the normal condition, except 
lOUj^ 1 uid to moisten their surfaces the lungs completel} fill the 
ucic cage, and as a lesult the elastic tissue with which the} are 
IP ec must be sti etched sufficiently to accomplish this Because of 
s e astic tissue, the lungs are constantly tending to contract and 
CO lapse away fiom the thoracic wall, but theie is an aclhesne force 
e veen tie parietal and \isceial pleura which keeps these surfaces m 

The lesult of these two foices is a tension which is called negative 
1 e , less than atmospheric pressure During inspiration, the thorax 
IS enlarged and the tendency is to pull the thoracic wall awa} from the 
un^, which act, of course, must increase this intrapleural iiegatne ten- 
sion and stretch the elastic tissue of the lung still further as more air 
IS sucked down the trachea to fill the an spaces The diaphragm J' 
tie chief muscle that enlarges the thorax from above downward uherea' 
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the enlaigement in the transverse diameter is accomplished b} the eleva- 
tion of the ribs The muscles chiefly invohed m this are the external 
mteicostals and the serratus posticus superior Other accessor} mus- 
cles aie also used 

Expiiation is mostly a passive phenomenon When the inspirator} 
muscles cease to contract, the thorax sinks and is diminished in size 
This allovs the elastic tissue of the lung to contract and reduce its 
volume This constant actnit} of respiratory movements greatly inter- 
feres Avith perfect rest for lesions in the lung During rest in bed, the 
respiratoiy rate is reduced, and as there is no need for excessue 
inspirator} movements to enlarge the thorax, the resultant quiet breath- 
ing altords some rest and reduction of lung Aolume, A\hich explains the 
efficacy of this form of treatment in pulmonar} disease Unfortunately, 
in a large number of patients with pulmonar} tuberculosis the rest thus 
aftorded is not sufficient to allow healing, and additional rest must be 
gnen That collapse therapy is so rapidl} coming into extensue use in 
the treatment for this disease is readily understood when one bears in 
mind that it is the only method of securing this added rest 

Artificial pneumothoiax (by reducing mtiapleural negatne tension), 
operations on the phrenic nerve (b} parahzing the diaphragm) and 
thoracoplasty (by removing the rigid, bon} support of the thoracic 
wall and impairing the functions of inspirator} muscles) diminish the 
size of the hemithorax or the space in which the lung moAes, and alloAA 
still further relaxation of elastic tissue, reduction in lung Aolume and 
limited inspirator} excursion Rest is measured in direct proportion to 
this limitation 

I behcAe that in most instances surgical procedures act in a passiA'e 
Avay by rehcAing an actiA^e inspiratory menace and result mereh m 
an exaggerated expiration For this reason, I prefer to use the term 
collapse or relaxation therapy rather than compression therap} m rela- 
tion to these measures That thev do act m this manner is clear because 
they do nothing to the lung itself but merel} OA'^ercome the untOAvard 
effects of the respirator}^ cycle and of the structures surrounding the 
lung AAffiich are preA^entmg it from contracting of its OAvn accord 

With pneumothorax, one can cause almost complete collapse of the 
lung and this is done under negatne tension m most instances Here 
it is oliAious that there could be no compression 

During thoracoplastic operations, the lung can be seen to contract 
and collapse as soon as the rigid, bon} AA'all Avhich has been preAentmg 
It from doing so is remoA'^ed The amount of collapse alloAAed b} this 
procedure is ustiall} m direct proportion to the amount of ribs remoAed 
That this IS true is borne out b} the fact that the Brauer operation m 
vhich large lengths of rib are remOAed causes more reduction m lung 
Aolume than does the Sauerbruch operation m AA'hich onh small seg- 
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ments are removed, and also the fact that with anteiolateral thoraco- 
plasties, in which the remaining portions of ribs are removed, still 
greater reduction in volume is accomplished That actual pressure is 
not exerted on the lung m these patients has been proved by the readings 
of intrapleural pressures following thoracoplasty These readings were 
found to be negative This, then, is also relaxation 

Operations on the phrenic nerve accomplish a similar result The 
diaphragm is paralyzed, loses its muscle tone and ceases its movements 
It becomes thin and fascia-hke, which makes it more susceptible to 
inti a- abdominal and intrapleural pressures This results m its being 
sucked up higher into the thorax by the negative tension existing there 
causing reduction m the size of the hemithorax from above downward, 
which releases the elastic tension m the lung in direct proportion to its 
elevation 

I believe that actual compression is exerted only when pneumothorax 
is carried on to a positive pressure or when direct pressure is made 
over a cavity wall by using muscle or some foreign substance as a 
packing as is done in apicolysis and other forms of extrapleural 
pneumol)sis That the weight of the soft tissues overlying the lung 
after thoracoplasty and the intra-abdominal pressure following phrem- 
cectomy cause some pressure is probable, but as the lung, because of its 
elastic tissue, recoils and contracts away from these forces, there can 
be no pressuie unless it occurs after the lung has been fully contracted 
This condition, however, larely exists 

If a cant) exists in pulmonary tissue, there is no natural tendenc) 
for it to close, as the act of inspiration, by enlarging the thorax an 
stretching the elastic tissue sunounding the cavity tends to enlarge 
it, and these procedures which release elastic tension and allow tie 
lung to contract assist in the cavity’s closure In principle, this closur 
of cavities in the lung by surgical procedures is analogous to the siinp ^ 
experiment of making a hole in a piece of rubber tissue If the ru 
is stretched, the hole becomes larger , if it is relaxed, the hole becon 
smaller 

Whether or not cavities within the substance of the lung an ^ 
rounded by alveolar and elastic tissue will close on release o eas^^ 
tension following surgical measures, depends on several factors 
the size of the cavity and the amount of reduction 
of the hemithorax and the volume of the lung, and second, ^ ® ^ 
of the cavit} wall, those with thick walls being much harder to c 
those with soft walls We surgeons have seen thick- wa e 
displaced but unchanged in size even with marked contraction^ 
lung around them Sometimes even actual compression ai s 
them 



O’BRIEN— COLLAPSE THERAPY 


1137 


Cavities situated at the periphery of the lung and in which the cavity 
wall IS in diiect contact with the paiietal pleuia aie also haul to close, 
as theie is no elastic tissue sunounding them which can contiact and 
help in then closuie when the tension is leleased These may be closed 
by a complete collapse of the lung by pneumothoi ax, which may haAe 
to be earned on to a positn^e piessuie, oi, if they are situated at the 
apex of the lung as is usually the case, they may be closed when 
phrenic opeiations have caused a i eduction m the size of the hemithoiax, 
and the conti acted lung, m adjusting itself to the reduced space, migiates 
upwaid away fioni the ascending diaphiagm m the line of least lesis- 
tance If these cavities aie situated at the base of the lung, with the 
wall lesting on the diaphiagm, diiect lelaxation of then wall with 
possible obliteration may take place when this muscle is paialjzed 

When the cavity wall is adherent to the thoracic wall, it ma)'’ be 
necessaiy to peifoim thoi acoplasty which will lemove the iigid, bony 
framewoik that tends to keep the cavities open and allow a relaxation 
of the cavity wall to occui All pulmonaiy cavities, wheievei situated, 
are, of course, favorably influenced by this piocedure, because it causes 
marked diminution in the size of the hemithorax and the volume of the 
lung Thick-walled cavities at the peiiphery of the lung aie almost as 
difficult to close as aie those situated within the substance of the lung, 
as then walls do not collapse readily 

INDICATIONS 

Which of the many surgical pioceduies is to be used m any given 
case IS often difficult to deteiniine In the Joiiiital of the Amciican 
Medical Association of Feb 9, 1929, and in the Novembei issue of the 
same year of the Amcucan Review of Tubei culosisd I published papeis 
in which I discussed fully the indications for each procedme fioiii the 
anatomicopathologic characteristics of the lesion, and these articles may 
be referred to for my views on these points Aftei caiefully analyzing 
my expel leiices and results in the laige numbei of patients referied to 
in the title of this papei , I have changed my views only m extending my 
indications and am now employing these procedures in a widei range of 
patients, more especially m those with bilateral tuberculosis 

It IS no longei necessary to defend these procedures, but the extent 
to which they should be used is still a question of debate, man)’^ physio- 
theiapists still being conseivative about them and others wishing to 
employ them in almost eveiy suitable case Theie can be only two rea- 
sons for not immediately instituting some form of surgical collapse foi 

1 O’Brien, E J Surgery of Phrenic Nerve and Intrapleural Pneumohsis, 
I A AI A. 92 463 (Feb 9) 1929 , Am Rev Tuberc 20 787, 1929 
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umlateial lesions, one being that the lesion is so small that one is 
optimistic enough to believe it will get well on lest m bed alone, the 
othei, that such a measuie could not help In my opinion, the latter 
leason would apply only to patients with a pneumonic or consolidated 
lung 01 M ith othei complications that would make collapse of the lung 
seem useless 

One has so often seen lapid inciease in small lesions which one 
hoped could he healed hv oidinary rest in bed that this type of lesion 
is now looked on with moie suspicion It is a benign lesion indeed in 
the tieatment of which I do not feel that at least a crushing of the 
phrenic nerve should he resorted to in order to give the patient the 
benefit of the additional rest afloided while the diaphragm is paralyzed 
In my expeiience, even m this gioup of patients, the time allowed before 
the diaphiagm resumed its function was not sufficient to cause complete 
healing, and the nene usually' had to he removed later 

Theie can be no question hut that collapse therapy in some tonn 
should he used when ordinary rest in bed and other accepted methods 
of treatment have been tried and the lesion is not healing As there 
should no longei he a ciuestion of the meiit of these procedures, if the} 
are not to he used more extensively, it must he on the gi ound that thei 
aie too gieat a risk to the patient or too great a burden on the contra- 
lateial lung 

The moitahty fiom phienic operations is, of couise, negligible In 
my expeiience, the mortality' from thoracoplasty is about 6 per cent In 
my opinion, this mortality late in the class of patients in which these 
measuies are indicated, argues foi, lathei than against, a more extensne 
use of collapse therapy 

A laige percentage of my' patients have had bilateral lesions, and in) 
observations have been that, in a good peicentage of these, the disease 
in the contralateral lung has healed along with that in the side on 
opeiation was perfoimed, showing that no so-called added lur e 
had been placed on it I baxe not been convinced that any o tie 

r /-]jcpTSC 

measuies have been the direct cause of spread or activation o 
in the othei lung These constantly occur m patients uhder 
treatment by lest in bed, and I have seen patients m whom the es^^^ 
spread to the good lung between the time it had been decided 
and the time the operation was to have been pei formed ^ 
patients had been operated on, the operative procedure would la^ 
blamed I have seen lesions or so-called “spieads occurring 
opeiation that have cleared up promptly' in spite of the surgica 
dui e on the opposite side that was supposed to have been their cai 
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Theie is, as a lule, a gi eater tendency to contraction in the diseased 
aiea than m normal lung tissue, and I often obtain a selective collapse 
without much loss of alveolar function While the noimal person has 
a much larger amount of alveolai space than is necessary to cany on 
life, theie is in most cases a compensatory hypertrophy of the other 
lung following collapse therapy Ihis does not mean that an added 
buiden is tin own on the disease m that lung, but lathei that moie an 
cells aie being used than previously 

In the attempt to undei stand more clearly just what does take place 
following collapse therap) , I studied a senes of patients on whom 
phi enicectomy had been performed Di Weinei piesented a papei 
at the National Tubeiculosis Society at Memphis this year in which com- 
plete observations, taken at regulai mteivals until the vital capacity 
1 etui lied to normal, weie lecoided It was found that following 
phreincectomy there was an immediate decrease of about 32 per cent 
in the vital capacity m all patients In all but one patient, the tidal an 
decreased The consumption of oxygen, howe\er, lemamed piactically 
unchanged This, of course, necessitated some compensatory mecha- 
nism The compensation was found to take place m three difterent 
ways with practically an equsl numbei of patients m each group In 
group I, the compensation was achieved by an mciease m the respiratory 
labor only In group II, the compensation was achieved by a bettei 
utilization of the inspired air, with no change in the respiratory labor, 
and in group III, it was accomplished only b) a more efficient utilization 
of 0x3 gen, with a deciease in the respirator}'' labor There was no evi- 
dent coi relation between the extent and the pathologico-anatomic type 
of the lesion and the mechanism of compensation following the opera- 
tion The fact, therefore, that followang phrenicectom}'- oier two thirds 
of the patients achieved compensation for this reduction m vital capacity 
w'lthout increased respiratory rate means that an added buiden is not 
thiow'ii on the lesion in the other lung, but that piobabh an increased 
circulation in the contralateral lung accounts for both the better utiliza- 
tion ot ox}'gen and the improvement usuall}' seen m lesions existing in 
this lung It may be significant to note that m about 70 per cent of ni}'’ 
opeiatne cases the lesions in the contialateral lung improied This 
peicentage is piacticall}' that of the tw'o groups m which better utiliza- 
tion of 0x3 gen w'as achieved without mci eased respirator} labor 

That there is a compensator}’' hypertrophy of the contralateral lung 
followung collapse theiep}, how'eiei, is shown bv Sieper,- 111 an article 

2 Sieper, H Die Vitalkapozitat bei der Lungenphthise besonders bei der 
Lungencollapstherapie, Beitr z Klin d Tuberk 65 725, 1927 
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published in 1927 in the Beitiogc cu) Khmk do Tubci cidosc iind spc- 
cifischeii Tiihakulosc-Fo! schnng The authoi had a pneuinothoiax ot 
the light side peifoimed on himself He found that the diop in iitai 
capacity after each inflation of air was equal to the volume of an intro- 
duced into the pleuial cavity, as long as the intrathoiacic pressure vas 
kept within modeiate limits Aftei the initial drop, the vital capacip 
inci eased duiing collapse The inciease uas definitely fastei than the 
lesoiption of intiapleuial air, and it i cached the original level befoiethe 
pneumothoiax was completely lesoibed Aftei the lesorption oi the 
pneumothoiax, the vital capacity was gi eater than before the tieatment 
Sieper attiibuted the inciease in vital capacity to the depression of the 
diaphragm and inciease in the cncumfeience of the thorax or, in other 
words, to hypeitiophy In patients with pulmonai} tuberculosis, the 
vital capacity following the inflation of air is greater than the difteience 
between the original a ital capacity minus the inflated air This fact is 
explained as follows The pulmonaiy tissue sunounding tubeiculous 
foci fiequently does not paiticipate in the aeiation piocess The iital 
capacit) of such a patient is. theiefoie, smallei than could be expected 
from the size of his foci The collapse of such areas does not decrease 
the vital capacity of the patient It follows that the vital capacity after 
the induction of pneumothoiax will be highei the moie damaged tissue 
is collapsed in piopoition to noiinal tissue 

It is appaient, therefoie, that while undei collapse theiap) the dis- 
eased area does not requiie the utilization of compensatory mechaiiisin, 
but that undei any form of collapse therapy some normal lung tissue is 
usually collapsed which necessitates such compensation This compen- 
sation theiefoie takes place, as has been explained, but it does so without 
throwing an added burden on the lesions existing in the contialateral 


lung 

As no procedure or tieatment will cause all lesions to heal, these 
lesions sometimes continue to increase on the collapsed side, it is nol 
sui prising, therefore, that lesions in the opposite lung also become 
worse However, this does not wairant the assumption that collapse 
therapy has had a deleterious efitect on them 

It must be understood that collapse therap} m any form is 
curative but merely puts the patient in the most favorable condition 
healing The use of this procedure on patients who are obviousl} 
doing well and the follownng immediate improvement prove onh t 
this theiapy has a distinct value in the airest of toe disease, such 
do not justify a belief that collapse therapy should be used onh m 
group of patients 
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As inheiited resistance to this disease plays an important pait in 
the success of any treatment, the employment of smgical proceduies is 
not as effectual in the Mexican, the Indian and the Negio as in other 
laces, and it is more often m this type of patient that so-called “spieads” 
aie found 

Obviously, collapse of the lung should not be instituted if the fields 
of both lungs are so involved with disease and the vital capacity is so 
low that the patient’s respiiatory ability might be endangered How- 
evei, even if there is considerable disease, with cavitation, in the contra- 
lateral lung, collapse therapy may be begun on the othei side if it seems 
advisable This is possible because of natui e’s generosity in providing a 
supei abundance of alveolar space and because ol the passive action of 
these piocedures Partial bilateral collapse may also be instituted with- 
out endangeimg the patient, if carried on carefull}' The perfoimance 
of phremcectomy on one side and pneumothorax on the other is not an 
uncommon procedure Bilateral pneumothoiax is coming into general 
use and even bilateral phiemcectomy has been pei formed on a considei- 
able number of patients without deleterious effects I think it is 
advisable in bilateral tuberculosis, however, to begin collapse therapy on 
the side most affected, as this alone is often sufficient to cause healing 
of lesions in both lungs 

I believe that when collapse therapy is employed in bilateral tuber- 
culosis, the healing of lesions and the closure ot cavities in the contra- 
lateral lung are due partly to an increased blood supply to this lung, 
partly to the lessened toxemia and general improvement of the patient 
when the side most affected is under treatment, and partly to the stop- 
page of drainage from the cavities Shifting of the mediastinal struc- 
tuies to this side with the resulting release in tension is also a factor 

It IS sui prising that it has taken so long to realize what an integral 
pait of the treatment for pulmonary tuberculosis surgical procedures 
should be We ha've all seen maii}'^ patients m whom nature has 
attempted to accomplish the same result by shelving the ribs and nar- 
rowing the lib spaces, elevating the diaphragm, pulling over the medi- 
astinal stiuctures, etc, in an effoit to reduce the volume of the 
hemithoiax by contraction of the fibrous tissue vhich had been formed 
in the attempt at healing To assist this attempt is, m our minds, the 
sole purpose of surgical procedures 

When a patient with pulmonai}'^ tuberculosis is presented for treat- 
ment, the first question should be whether or not some surgical proce- 
dure might be of benefit Of course, many patients will be found in 
whom such measures will not be indicated If the patients have earh 
minimal lesions which are improving, it ma\ be decided to gi\e rest in 
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bed a shoit tiial, oi if the disease is far advanced in both lung fields 
01 man}^ complications exist, singical intervention may seem useless 
HoAvever legardless of the lesult obtained in individual cases, I feel 
that the mechanics involved cleaily indicate that the leasons for employ- 
ing these measures are fundamentally sound and that until some future 
scientist discoveis a specific cure, the tieatment foi pulmonan tubei- 
culosis must be surgical, in conjunction with lest in bed and loutme 
methods 

ABSTRACT OF DISCUSSION 


ON PAPER*; in nRS HIDUIOM, UPRRV and OBRIFN 

Dr Howard Lilienthai, New York, Dr Heclblom made a convincing point 
in showing what can be done after the failure of the ordinary posterior thora- 
coplasty I heartilj approve of this method I belie\e that the general method 
was initiated by Dr Y'elles, and I have used it with modification 

Dr Berrj s paper w-as scholarh and extraordinarily interesting I had the 
impression that unfa\orable results followung the operations for blocking of the 
phrenic nerve Avere uncommon It is most important to bear the possibilities m 
mind I certainlv shall never again tel! a patient that operation on the phrenic 
nerve can do no harm 

There is another point In the sequence of operations, I think that it is 
improper to cause blocking of the phrenic nerve before the establishment of 
pneumothoraN, especially in suppuratwe disease In tuberculosis, perhaps, excep- 
tions mav be possible, because I haA'e seen the following thing happen A patient 
with a broiichiectatic suppuration in the low’er lobe had refused to have a 
lobectomy performed, although she had had the disease a long time, and lobectomy 
yyas clearly the best choice I said, “Lets take out vour phrenic nerve 
She said, ‘ Go to it , that’s nothing ’ 

I did I obtained a good elevation of the diaphragm, and the condition o 
the patient yvas improA'ed I said, “Noyv yve yvill put in some air and get mo 
compression ’’ I neglected to beai in mind the fact that blocking of the p 
nerve is folloyved bv paralysis and flaccidity of the diaphragm When Dr 
introduced pneumothorax, he pushed the diaphragm doyvn loyver than it yyas e^^^^ 
the operation I enjoyed Dr O Bnen s paper, and I am going to read 
of It He has emphasized an important fact, and that is that there is 
operation for tuberculosis, but that there is a surgical treatment for tu erc^^^^^ 
The medical profession should be informed on this subject, for 
physician thinks onl}’- of one operat’on — thoracoplasty Concerning tie 

of the lungs of yvhicli Dr O’Brien spoke, please bear in mind that t m 
of the lungs that one sees yvhen the ribs have been cut is a para oxic 
When the patient exhales, his lung expands, and yvhen he inhales, the 
collapse The picture that yvas taken on the yvav to the operatiHo r ^ 
undoubtedly taken during full inspiration and this opened the abscess picture 

it shoyy ed very yvell in the picture On the yvay from the operating roorn^ 
yyas also taken in full inspiration, but the cavity yvas then closed (l,e 

doxic motion of the diaphragm and the sucking up of the diapirUo 
chest produced its obliteration temporarily* The abscess cavity w 
and permanently closed (-ni, 

Dr E Archibald, l^Iontreal, Canada I should like to bring 

cerning Dr Hedblom’s paper It is timely, I think, that Dr e om 
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forward the advantages of the second operation, or perhaps, in Dr Hedblom’s 
graded plan, the sixth or seventh operation, of anterolateral costectom^ 

I failed to gather, however, from his paper that he had made anj real 
distinction between the earlj and the late operation He included some cases of 
pyopneumothorax in which the removal of the ribs anterolaterallv r\ould be 
considered as part of the ^\hole procedure and would therefore be done earh, 
because one cannot close large tuberculous emp^ ema cavities \\ ithout taking 
off practicallv all the ribs from front to back and top to bottom That has 
been done for a good many years He included others, howe\er, in vhich antero- 
lateral thoracoplasty was performed months or more after the pnmar\ posterior 
thoracoplasty ' The distinction is important The chief indication I behe\e 
for anterolateral costectom} lies in the group in which there are caMties remain- 
ing unclosed by the usual posterior operation This point was made b^ Dr 
Welles, of Saranac Lake, two or three jears ago, m an article in the 4>iiciican 
Rcvieiv of Tiibc) ciilosis One should be able to judge such cases from the start 
and sajf to the patient, “You will not get \our caMties closed b^ the ordinar\ 
posterior thoracoplastj You will need a further stage of the anterolateral t\pe’ 

I think that is what w'e should aim at the conception of an earh anterolateral 
costectomy for patients in w'hom the cavitj is not closed b} the posterior operation 
I could not gather whether or not Dr Hedblom intended to make this point in 
his paper I have carried it out m a few instances latelj I have performed 
late secondary operations for years, on the W'hole wuthout much benefit Too 
much fibrosis and reformed bone prevent further collapse, but from this earlier 
anterolateral costectomy I am getting encouraging results e 

Dr L T LeWald, New York There is a complication that I ha\e seen 
m a case referred to me by the New York Health Department, in which an 
operation on the phrenic nerve had been performed the jear previoush for a 
tuberculous lesion in the left lung (fig A) Excessive eleiation of the diaphragm 
followed the phrenicectom}' Ihe patient complained of the same simptoms that 
I have seen in eventration of the diaphragm w'hich has not resulted from parahsis 
of the diaphragm m the sense that it is postoperative, but a spontaneous eientra- 
tion due in some cases to congenital absence of the musculature of the diaphragm 
so that the diaphragm being more or less immobile, causes the trapping ot gas 
in the cardiac end of the stomach and the lower end of the esophagus is below 
the level of the gas and consequentlv the patient cannot eruct the gas 

This patient now complains bitterly of the gastric distress so that I leel that 
occasionallv it w'ould be umvise to bring about a paraljsis of the diaphragm on 
the left side 

The slide show's the stomach filled with gas and opaque material, and in the 
lateral view, the diaphragm can be seen ele^ated to an enormous height and 
the stomach below it unable to expel the gas through the esophageal orifice On the 
right side one W'ould not have to consider this complication I do not know whether 
this condition has been observed before and whether it is realh ot sufficient 
importance to make it unwise to operate unless the condition of the lung is suffi- 
cient to warrant the danger of this unpleasant after-result 

Dr Carl A Hedblom, Chicago Dr Berr\ s paper is certamh a most 
important contribution to the subject of phrenicectom\ The operation is gener ill\ 
characterized as simple and harmless, with the interence that it ma\ be periormed 
b^ operators w ith meager experience and for slight indications Dr Eerri s 
senes of cases is large enough to show conclusi\el\ that serious complications 
im\ result I ha^e had two patients in whom Horners s\ndrome dc\ eloped I 
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am of the opinion that if the nerve cannot be definitely identified without undue 
effort, it IS better to abandon the attempt than to do harm 

The roentgenogram made after the use of iodized oil is an indispensible guide 
for the prognosis following phreniccctomy Bilateral involvement seems to me, 
generally speaking, a contraindication Cylindrical bronchiectasis, especially of 
the distal bronchi, m my experience, offers the best prognosis 

The distinction between the terms collapse and compression seems to me of no 
great importance In many cases following extensive thoracoplasty there is a 
decided shifting of the lieart toward the opposite side, which would seem to me 
to indicate that the lung is compressed We have had cases m which the shifting 
of the mediastinum has been complicated bv pleural effusion In such cases the 
manometer has shown positive pressure after thoracoplasty, causing dyspnea and 
necessitating the withdrawl of fluid 



Eventration of the diaphragm following phrenicectom} 


Dr Frank B Berry, New York City We agree with Dr Li len la 
the advisability of pneumothorax preceding a phrenicectomy m bronc lies as 
we feel that a great deal of information can be gained and that acci 
perhaps be avoided 

Dr E J O’Brifn, Detroit It seems to me that we are laying 
stress on the dangers of phrenicectomy without bearing in mmd just u i 
doing it I do not think that any person would have a phrenic pyP 

instead of going to an afternoon tea It is removed because the pa 
monary tuberculosis or an equally serious disease a 

If one accepts the statistics of Naveau, Barnes and others w lo j,],ancc 
tuberculous patient with cavity and positive sputum has only a j-formance 

of living longer than five years, an occasional accident during reside 

of the operation might be excused I think that we lose sight o 
the procedure in talking so much about the ill effects 
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Readings of intra-abdominal pressure are not as negatne as those of mtra- 
thoracic pressure, and one notes intra-abdominal pressure from the Mscera in 
the prone position 

Regarding Dr Hedblom’s observations about the shifting of the mediastinal 
structures, I have seen that happen time and again under negative pressure during 
pneumothorax treatment when there could not possiblj" be compression When 
pneumothorax is being administered and the pressure is negative, the mediastinum 
often shifts I do not think, therefore, that the shifting of mediastinal structures 
which occasionall}'^ follows thoracoplasty indicates that compression is made b\ 
this procedure 



AMEBIC HEPATIC, SUBPHRENIC AND PULMONARY 

ABSCESSES - 


STUART W HARRINGTON, MD 
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The occunence of amebic dysenteiy m the temperate zones is rare 
when compaied with its occunence m the tropical zone It has been 
onl} 111 lecent i^eais that the disease has been recognized with aii) 
fiequency m patients mIio have not been m the tropics Amebic 
abscess is one of tlie most common complications of amebic dysenter} 
Rogeis^ stated that acute amebic d3'sentei3'’ usuall3'^ presents scattered 
lesions m the bowel and multiple abscesses in the liver In chronic 
cases, the lesions are less extensne and may involve only a small part 
of the bowel In these cases the abscesses m the liver are nsuallv large 
and single and the intestinal disordei is often latent, wnth no clinical 
manifestations It is geneiall3' accepted that the amebas pass from the 
ulceiated aieas of the bow'el, through the portal vein to the hver hi 
acute cases, amebas m gieat numbers, often associated wnth pyogenic 
bacteiia, leach the hvei Inflammation of the vascular walls, clotting 
and multiple hepatic abscesses lesiilt The occuirence of a large solitai} 
abscess usuall3' is found in cases of slight or latent amebic colitis 
Sohtan abscesses ma3 be sterile, and their foimation difters from the 
multiple abscess type m that compaiativel3'^ few amebas reach the liver 
When a sufflcient number of amebas has reached the hver to cause 
clotting 111 some of the small vessels so that the blood supply is mte’’^ 
fered with, sufficient neciosis is pioduced to permit escape of tie 
amebas thiough the lascular Avails, into the necrotic hepatic tissu , 
and a sohtai v abscess is pioduced This abscess develops m a 
mannei, and if the patient stiivnes long enough, a fibrous 
develops ai ouncl it It is in the aaMI of the abscess that the ame as 
found Endauweha histolytica is usually obtained from scrapings 
the wmlls of the cavit3'-, not fioni the thick pus from the abscess 
Rogeis found the ameba in the pus in fotii of eighteen suigica 
AAhich he conducted the examinations and m the scrapings o t e 
of the caAity in scA'^enteen of the cases 

M3^ expel lence in the treatment of amebic abscess is limite 

cases m Avhich I haA^e operated in the last five years N } ^ii-jehic 
reporting these cases is to show that although the occuirence o 

From the Dwision of Surgery, the MaA^o Chnic 
1 Rogers, L Amoebic Liver Abscess Its Pathology, rei en 
Lancet 1 463, 569, 677 (March 11, 18, 25) 1922, Bnt M J - ’ “ 

(Feb 11, 18) 1922 


I 
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abscess in the temperate zones is uncommon as compaied with that 
in the tropical zone, it is not rare, and also to point out the fiequenc} 
with which the symptoms in this group of cases of amebic hepatic 
abscess were thought to be due to primary pulmonary or pleural disease 
In the fi^e cases heie reported, an initial diagnosis of a pulmonary lesion 
was made in four In the fifth case, a definite diagnosis of amebic 
dysentery was not established until five months after the onset of the 
disease an abscess of the h\er der'^eloped even though the patient was 
given extensive treatment with emetine 

The usual symptoms in cases of amebic abscess aie dianhea, fevei, 
chills 01 sweats, occurring some time in the couise of the disease Pam 
in the light hypochondnum is usually present Preceding dianhea is 
often the only symptom that is significant of the probable etiolog\ 
Ludlow “ stated that it is piesent in nine of ten cases, although it may 
have occuired years before the abscess appears He also viote, “many 
of the patients presented a septic condition so often obsened m cases of 
chronic empyema,” and he called attention to the special diagnostic sign 
of deep-seated pain in the region of the abscess, elicited b\ a sudden 
thrust with the end of the finger 

In the five cases heie repoited, tour patients ga^e histones of 
diarrhea, but in only one case was it a prominent factor in the com- 
plaint In three cases, it was difficult to elicit an) historv of diarrhea, 
foi the patient had not attached an)' significance to it and had not men- 
tioned it in stating the history of his complaint at the tunc of exami- 
nation In the remaining case, a histor)' of diarrhea n as not obtained 

In one case, the patient contracted amebic d)senter) in the tropic^ 
In the lemammg four cases, a history could not be obtained of the 
patients having been out of the north temperate zone In two cases 
there ivas a history of alcoholism 

The importance of early diagnosis cannot be overestimated, foi the 
piognosis is good if tieatment is instituted earl), betore the additional 
complication of ruptuie through the liver and diaphragm into the lung 
has occurred In these fiie cases, the abscess w'as confined to the Inei 
in tw 0 cases, and in both it w'as a large solitary abscess In tw o cases, 
the abscess had luptured through the liver into the subphrenic space 
In the remaining case, an abscess piesented in the upper lobe of the 
light lung, wdiich was undoubtedl) secondarv to an abscess of the Iner 
It w'as impossible to determine definitely whethei this abscess was the 
lesult of direct extension from the hepatic abscess bi rupture through 
the diaphiagm into the lung or whether the amebic infection was 
tiansmitted to the lung- through the blood stream the iinadmg organ- 
isms haring passed fiom the hepatic abscess into the inferior rena car.i 

2 Ludlow A. I Amebic Lirer Abscess Chun M T 40 1165 ("Dec ) 1^26 
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to the light side of the heait, and through the pulmonar}^ arteries to 
the lung Blown ^ lepoited a similai case in which he thought that 
the pulmonary abscess lesulted fiom deposition of ainebas b} the blood 
stieam, metastatic fiom the abscess of the Iner This new, he telt, 
was substantiated at necrops}, because an opening through the dia- 
phiagm connecting the Inei with the pulmonai} abscess was not demon- 
stiable MacNeal and Klempeier ‘ lepoited a case of amebic abscess 
which was complicated by multiple small abscesses in both lungs, and 
from the micioscopic examination of the tissue lemoved at necrops) 
the} concluded that the amebas had a tendency to penetiate the blood 
vessels and were disseminated by way of the blood stream from the 
hvei, thence to the light side of the heart and pulmonary arteries to 
the lung In the case of extension to the lung, which I am reporting, 
theie was i espouse to tieatment, and there was no definite va} ot 
detei mining the method of transmission of the amebas to the lung 
Nevei tireless, the clinical histoi} indicated that extension to the lung 
was probably bi ought about by direct transmission through a lupture 
of the diaphragm 

The surgical tieatment should be as conseirative as possible and 
should be combined with adequate admmistiation of emetine Rogers 
advocated repeated aspiratron and injection of solutions of quinine into 
the abscess cavity, but omitted the injections of quinine after the 
introduction of tieatment by emetine He stated that amebic oi tropical 
abscess of the liver is usuall} an easih pieventable disease, and that the 
occurrence of amebic suppuration in the liver should cause seiious 
consideration by the physician in whose hands it had been allowed to 
develop 

Ludlow stated that each case of hepatic abscess must be 
according to the condition found, that no hard and fast rule can be ina J 
for erei)'- case, but that in practically all cases some form of 
treatment is required besides medical treatment He also state 
repeated aspirations and subcutaneous injections of emetme 
method of choice, but that in many cases open opeiation an lainc;, 
are required 

The usual procedure is as follows A pielimmaiy course o ea ^ 

(0 06 Gm ) is given by daily subcutaneous injections for roin 
four days before operation if the patient's condition will 
of surgical intervention The abscess is then aspirated, ^^5 

aspiration depending on the most likely situation of the ^ 
determined by general examination The most usual site is 

3 Brown R Amoebic Abscess of Liver with Pulmonar) Seq 

forma State J Med 19 282 (July) 1921 . j. 1 

4 MacNeal, W J , and Klemperer, P Amebic Abscess o tie 

Trop Med 5 339 (Sept) 1925 
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intei space in the anterior axillar)’- line If the location of the abscess 
IS not definitely detemnned by examination, this site is usually selected 
for inspnation The aspiiating needle should not be inserted for a 
depth of more than from 5 to 7 cm If pus is obtained, a small trocai 
and cannula is inserted into the abscess, under local anesthesia A 
small punctuie of the skin with a knife often facilitates the introduc- 
tion ot the tiocar and cannula As much of the pus as possible is 
lemoved at the first aspiration If the pus is thick, a catheter ina} be 
inserted thiough the cannula and the cavity iirigated vith a surgical 
solution of chlorinated soda (Dakin’s solution), oi it ma} be necessary 
to resort to open operation The aspiiations are repeated when the 
patient shows signs of leaccumulation of pus m the caMty This 
depends, to some extent, on the size of the abscess In laige abscesses, 
theie is often rapid leaccumuIation of bloody seium aftei lemoval of 
the pus If the patient does not respond to treatment b} emetine, 
and if the clinical data indicate the piesence of an abscess of the Iner 
which cannot be located with the aspirating needle without dangei of 
injury to the lung and pleura, or to the abdominal Msceia, it is best to 
perform exploration of the abdomen If an abscess is found at 
exploration, it can be treated either by an open opeiation or by closing 
the abdomen without drainage and performing a secondaij windov 
operation over the cavity of the abscess for subsequent drainage by 
aspiration Subcutaneous injections of 0 05 Gm of emetine are con- 
tinued until the patient lecenes from six to ten doses This is usualh 
sufficient, but if symptoms recur, a second course of treatment by 
emetine should be given 

REPORT OF CASES 

Case 1 — A man, aged 23, a resident of Indiana, consulted the clinic on Tune 2, 
1928, because of pain in the right lower part of the thorax, of tweh e u eeks' dura- 
tion He stated that his illness began following unusual exposure to cold v eather, 
when pain dei eloped in the right lower portion of the thorax On the following 
day, he noticed slight fever but continued to uork There uas no cough or 
hemoptisis, but there was loss of appetite and w'eight His condition uas thought 
to be due to tuberculosis, and he uas sent to Texas A roentgenogram of the 
thorax did not show evidence of tuberculosis, and his condition was then thought 
to be due to gastric ulcer He returned home to Indiana and for the three weeks 
previous to his coming to the clinic had been confined to bed, with severe pain in 
the upper right portion of the abdomen, lower part of the thorax and right lumbar 
region The temperature rose as high as 102 T m the afternoon but usuallv did 
not go above 100 F He also had occasional night sweats which were severe lie 
had lost from 20 to 30 pounds (9 to 13 6 Kg) m weight in the twelve weeks 
previous to his visit to the clinic The pain in the right lower part ot +he thorax 
had been severe enough for codeine to be required for from two to three weeks 
prior to examination He had vomited three or four times and complained of 
considerable nausea after eating He was constipated He had never had diar- 
rhea at am time, and during his illness, had required a dailv enema He was 
admitted to the hospital as an emergenev case 
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General examination revealed evidence of marked emaciation The cheeks were 
flushed The margin of the liver was not palpable , there was a slight tenderness 
in the right upper part of the abdomen and the right lumbar region Exainination 
of the thorax gave essentially negative information The S 3 Stohc blood pressure 
was 104 and the diastolic, 70 mm of mercury The pulse rate was 120 each 
minute The temperature was 996 F at 2 p m The urine contained a few 
granular casts and a few pus cells, but was otherwise negative to examination 
The concentration of hemoglobin was 64 per cent , erj throcvtes numbered 4,010,000, 
and leukocvtes 30,500 lu each cubic millimeter of blood The differential leuko 
cyte count was as follows l 3 'mphoc 3 hes, 16 per cent , large mononuclears, 7 S per 
cent, transitionals, 2 5 per cent and neutrophils, 74 per cent The Wasserniann 
reaction of the blood was negative Repeated examinations of stool before opera- 
tion did not disclose amebas, ova, pus or blood A roentgenogram of the thorax 
gave evidence of marked elevation of the right side of the diaphragm A diag- 
nois of right subphremc abscess uas made, and exploration was advised 

On June 6, 1928, the right, subphremc space was found to be negatne to se\eral 
aspirations made through the tenth and eleventh interspaces Because ot the 
patient’s progressne svmptoms it was thought best to perform abdominal explora- 
tion, and a large, solitar 3 abscess of the liver was found, involving about a third 
of the right lobe The hepatic abscess ivas aspirated, and about 5 cc of thick, 
blood 3 ’', greenish puslikc material was remoied This was immediateh taken to 
the laboratorv, and Endamocha Itislolvhca was found to be present ^ section 
of the ninth rib and cartilage were removed, m the anterior axillary line, imnie- 
diateK over the abscess cavitv, and a stab wound w'as made through the posterior 
periosteum A strip of gauze wms placed in the stab w'ound and down to the 
lateral surface of the liver in the abscess cavity The abdominal wound nas 
closed without drainage The patient w’as given treatment by emetine Indro 
chloride, and on the follow'ing day the gauze was removed and the cavit3 vas 
aspirated through the stab wound in the thoracic w'all About 150 cc of ame ic 
material from the liver w'as removed This w'as done on three occasions 
intervals of three and four days (fig 1) 

There wms moderate shock immediateh’’ followmig the abdominal opera im^ 
The temperature and pulse were normal on the fifth da 3 ’’, and from 
convalescence was uneventful Examination of the stool four days ^ ^ , 

operation revealed cysts of Endamoeba histohtica Tlie patient was 
from observation one month after operation, at which time he had game a 
20 pounds (9 Kg), and his condition was good He had had no fever 
fifth day after operation, and his w’ounds w'ere entirely healed 


Comment — The onset, in this case, follo3ved considerable e'vpo^ 
and suggested pulmonary disease, which was thought pioba } 
tuberculosis Tuberculosis was soon luled out, and the later s\nip 
were chaiactenstic of subphienic or hepatic abscess The pa le 
not lived outside of the north temperate zone and he had ne^e^l 
any attacks of diarrhea Although amebic hepatic abscess 
pected clinically, the examinations of stool before 
negative foi Endamoeba htsfolyfica The preliminary aspira 
performed with the hope of establishing a definite 
more radical surgical inteivention Aspiiation m the rigi 
and hepatic spaces gave negatn’’e results because the abscess 
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lying, and more anterior than posterior ^Vhen exploration of the 
abdomen was carried out and the diagnosis uas established it \\as 
thought best to treat b) repeated aspiration rather than b} open drainage, 
because of the danger of secondary infection which takes place undei 
conditions of open drainage and also because the patient had ne\ei 
received treatment b} emetine It was thought that he would lespond 
more satisfactorily to repeated aspiration than to emetine and this w as 
substantiated by his rapid response to treatment and his complete 
recover} 



Fig 1 (case 1) — a, large ainebic abscess of the right lube oi the li\cr a' <it(. 
ol incision, b resection of the anterior segment of the ninth rib lor <uh'er)ii(.nt 
aspirations , b', site of incision 


C\SF 2 — A man, aged 37, a resident of Michigan consulted the clinic <n 
Feb 20, 1929, because of pain in the upper right part ol the abdomen which w is 
referred to the upper portion ot the thoraN and because ol loss oi weicht iiid 
strength of three months duration Four \ears prior to his admission wink he 
was in Florida, diarrhea had developed and he had passed from three to lour 
stools a dav This continued for about lour months when the diarrhea became 
so severe associated with blood in the stool that it was necessarv lor him to go 
to a hospital He had dailv rise in temperature he had lost irom 20 to 30 poti ids 
in weight and had lost strength Numerous tests had been made bit nothin_ 
definite had been found and his condition was thought to be due to a k-io i of 
the hepatic flexure One month later a diagnosis oi amebic dvsenterv was made 
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and emetine was administered with immediate response and apparent recoien 
Six months later he had recurrence of diarrhea, associated with bearing-down 
pain m the rectum, weakness and loss of weight Emetine was again administered 
with less rapid response He then continued to have recurrence of symptoms 
every four or five months Emetine was given with each attack, but each time 
the treatment seemed less effective in relieving symptoms About one year pre- 
vious to admission, while in Brazil, he had a recurrence of former symptoms, 
with a temperature of from 100 to 102 F He was given emetine and chiniofon, 
N N R and five injections of neoarsphenamine During this illness, pain developed 
in the right lower part of the thorax and upper right part of the abdomen At 
first the pain was dull After two ueeks, tlie pain disappeared and the tempera- 
ture gradually returned to normal For one month following this, he gained in 
weight and strength, and after two months he returned to work Almost imme- 
diately after he returned to work he began to have fever daily, it gradually 
increased m severity until it reached 104 F m the afternoon He was given 
a course of acetarsone and emetine, with gradual improvement of symptoms, 
until he felt quite well after a period of three weeks Four months before he 
came to the clinic, he suddenly' lost appetite , fever again developed, w'lth pain in 
the right lower part of the thorax and abdomen, moderate diarrhea and g'^adual 
loss of w'eight and strength This condition had become progressively ivofse until 
the time of his admission to the clinic He had lost 35 pounds (15 9 Kg) m 
w'eight during the four montlis before his admission 

General examination revealed marked loss of weight The systolic blood 
pressure W'as 94 and the diastolic, 64 The pulse rate w'as 105 and the temperature 
tias 101 F Examination of the right side of the thorax disclosed dulness to 
percussion, anteriorly to the fourth interspace, and posteriorly to the sixth thoraac 
vertebra The margin of the liver could be felt from four to five fingerbreadt s 
below the right costal margin, wuth marked bulging of the lower right portion o 
the W'all of the thorax Urinalysis gave negative results The concentration o 
hemoglobin was found to be 45 per cent, ervthrocytes numbered 3 , 340,000 an 
leukocytes, 10,600 in each cubic millimeter of blood The differential leu ocy^e 
count W'as as follow's lymphocytes, 21 per cent, large mononuclears, 1 per ren > 
neutrophils, 77 per cent, eosinophils, 1 per cent There was marked 
and poikilocytosis Repeated examinations of stool were negative for En 
histolytica Roentgenograms of the thorax gave evidence of marked 
the right side of the diaphragm, with some thickening of the pleura ( ” 

A diagnosis of amebic abscess of the liver w'as made, and operation was a ' 

On February 26, the right subdiaphragmatic space wms aspirated 
tenth interspace m the posterior axillary line, and about 2,200 cc of typica 
pus was removed from the liver The fluid was light chocolate-colore , an^ 
streaked with thick puslike material and particles of hepatic tissue i 
was sent for examination and was found to be negative on culture abscess 

not found Following operation, emetine hydrochloride was given ^ ^ 
canty W'as again aspirated, March 4, at which time 800 cc of the 
material was removed The patient did not receive much relie 7, a 

the second aspiration, and it became progressively more severe u ^ 
third aspiration w'as performed with a needle of large caliber, an on^ patient s 
amount of thick, degenerated material was removed Because o thought 
poor general condition and the inability to obtain pus by aspiration, i 
best to resort to open operation A small portion of the elevent ri 
with the idea of draining the subphrenic space After a segment 
been removed, it was found that the right pleural phrenic space w 
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crated, and that there was a small amount of fluid m the pleural caMt\ prohabh 
resulting from previous aspirations It was thought best not to attempt to dram 
the abscess through the pleural space, and the wound was closed Abdominal 
exploration w^as then performed, and a huge, solitari, amebic abscess w'as found 
involving two thirds of the right lobe of the liver The abscess ca\itj contained 
about 500 cc of thick, bloody, degenerating hepatic tissue Examination of the 
scrapings from the wall of the cavitv show'ed Endamocha histoliltca to be present 
The necrotic material was removed, and the large caMty in the Iner was packed 
w'lth gauze 

There w^as considerable shock following the operation, after winch tlie patient 
w^as given emetine hydrochloride subcutaneoiish The gauze was completch 
removed by the tenth day, after which a tube w^as inserted and tbe caiiti was 
irrigated throughout his convalescence with saline and surgical solution of 
chlorinated soda (Dakin’s solution) The patient was dismissed from the hospital 
on the tw'entieth day, and from observation about two months after the operation 



Fig 2 (case 2) — A, roentgenogram on admission showing marked elc\ ition oi 
the right side of the diaphragm with some thickening of the pleura B roent- 
genogram on dismissal show'ing pleuritic adhesions at the riglit costophrcnic angle, 
and slight elevation of the right side of the diaphragm, the lungs were normal 

A.t the time of his dismissal, the caviti in the Iner had become practicalh 
obliterated There remained a small sinus in the abdominal wall Tlie patient Iiad 
gamed 25 pounds (113 Kg) m weight and his general condition was good 
(hg 2B) 

CoiiDiicjif —Th& amebic abscess in this case dci doped in ibe Iner 
tthile the patient was under intensne tieatinent with emetine anti 
Eudaviocba histol\fica was absent in repeated examinations of stool It 
'Mil be recalled that lack of i espouse of the jiatient to consera.itne 
treatment b} aspuation and mabiht\ to continue it because of the thiek 
ncciotic material m the abscess caMt\ necessitated the m-titution of 
open smgical drainage Howeaer the costophrcnic andc of the pleura 
nas not walled oft because the abscess was confined to the Iner and 


1154 


ARCIIIVkS OF SURGER] 


had not ui])tuied into the suliphrenic space Consequently, abdominal 
chainage was cainecl out Fiom the symptoms, it is evident that the 
patient had been sufteiing fiom abscess of the livei foi a yeai befoie 
he came to the clinic I think it ad\i&able to institute eaily diamage 
of the abscess in cases of this t3'pe, when the condition does not respond 
to the moie consenative t}pes of tieatment 


C\Si 3 — A voutli, aged 17, a resident of Alichigan, consulted the clinic on 
July 7, 1925, because of pain in the right lower part of the thorax, of three months’ 
duration He stated that he had been well until about one year before admission 
when he began to feel tired and to lack ainintion In the last year he had had 
more or less chronic cough He had had one sercre spell about one )ear before 
he came to tlie clinic The onset of his present complaint, three months prior to 
admission, was characteri/cd bj cough, fever and a general feeling of malaise 
The condition had been diagnosed as inlluenya, and he had recovered in about a 
ueek and had returned to work He soon had a relapse, with chill, high feier 
and pain in the right lower part of the tliorax From that time, until he came 
to the clinic, he had had a constant afternoon rise m temperature, ranging between 
102 and 103 F For ten davs prior to admission, he had had nausea, with some 
vomiting, and the pain had extended into the riglit flank and right upper quadrant 
of the abdomen Pam had been severe at times He had had considerable urinary 
frequency, particularly at night, for three to four months preiioiis to his visit He 
had always been constipated On further questioning, after a diagnosis bad been 
established, he stated that he had had one short spell of diarrhea two montis 
prewous to admission, with from three to four stools a dav over a period of four 
01 five da^s He had lost 12 pounds (5 4 Kg) m weight in the three montis 
before admission , 

General examination gave evidence of loss of weight and pallor of 'km m 
eating a rather marked degiee of anemia Tiie bieath sounds over the 
w ere impaired , there w'as bulging of the interspaces and marked tenderness o 
light lower part of the thorax Urinalvsis gave essentiallv negative 
concentration of hemoglobin was 35 per cent, erythroc)tes numbered 
leukocy tes 12,400 in each cubic millimeter of blood The color index was ^ 
differential leukocyte count w'as as follows lymphocytes, 27 per cent , ar»e 
nuclears, 3 5 per cent , transitionals, 1 5 pei cent, and neutrophils c pe 
The Wassermann reaction of the blood wms negative Repeated of 

stool were negative for amebas Roentgenograms of tlie thorax gave e 
elevation of the right side of the diaphragm to the level of tlie ourt i 
riorly Roentgenograms of the colon weic negative A diagnosis was 
subdiaphragmatic abscess of uncertain origin, and operation was a use 

On July 23, the right subphrenic space xvas first aspiratec, j,„d 

thick, bloody', greenish material was obtained and was sent for jp-ice 

culture, with negative results Incision was made through the 
and about 1,500 cc of thick, bloody', pushke material, with very^ abscess 

which seems characteristic of amebic pus, was drained from e abscc" 

cavity The ameba was found in material scraped from the wa treatment 

cavity' The cavity was packed with a strip of iodoform gauze, 
with emetine and acetarsone was instituted ^^incii 

Immediate convalescence w'as stormy for the first two wee o* 

patient’s condition began to show some improvement T ns, 
short duration, and after one week he again began to have an e eya 
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with some diarrhea Endamocba Iwstohtua was found m the stool and a ^tcond 
course of treatment b} emetine was instituted His general condition again 
improred moderate^, but there was continued loss of appetite and progressnc 
loss of strength The diarrhea did not respond to administration ot emetine or 
to other treatment His condition became gradualh worse until his death on the 
fort\ -fourth da} The caritr of the subphrenic abscess became progressuch 
smaller from the time treatment was begun until his death at which tune it had 
a capaclt^ of less than 30 cc A,t necrops} it was found that the subphrenic 
abscess had practicall} healed There was marked ulceration ot the colon and 
terminal bronchopneumonia 

Coiiiiiieiif — The couise of this patients illness was insidious and 
piobabl}" extended otei seteral months hefoie the definite e\ent which 
simulated influenza, occuned thiee months betoie his admission The 
pet iodic attacks of cough with pain in the light side ot the thoia\ 
suggested a piiman thoiacic lesion and the iccunence ot the attacks 
suggested a complicating abscess It was difficult to establish a dehnitt 
diagnosis because of the absence ot an\ definite histon ot diaiihca, 
and because of the absence of Endamoiba Jmtohtua in the stool Ihc 
lack of 1 espouse to treatment was undoubtedh due to the evticmth 
bad condition at the time tieatment was instituted The patients 
death was due to inanition as result of colitis 

Case 4 — A man, aged 3S a resident of Iowa, consulted tlie clinic on Vug 5 
1929, because of morning cougli and a draining smus m the right side oi the 
thorax Except for chronic morning cough in 1927 be had been well preiious to 
September, 1928 at which tune he became ill and his condition was di igno-ed ns 
pneumonia involving the right lung complicated In jnundiee and picurni eluision 
Clear, pleural fluid was aspirated mane times in the first three weeks ot hi-- illne^'- 
At the end of the third w'eek the fluid became purulent and a rib wn- re^eeted 
in October, 1928 He had find a draining sinus in the right lower part ot the 
thoracic w'all since that time On second questioning a more detailed Instore ot 
his complaint was obtained He then stated that lor three eears jirior to hi-- 
admission to the clinic, he had had a cough with a moderate amount eii 'piitiim 
usualh onie in the morning One and a half eears prior to admission he --tarted 
haeing spells of eeeakness eehich necessitated his stopping eeork lur a dae or teen 
at a time There eeas gradual loss m weight and strength and progrc'-'-ie e morning 
cough for a period of three montlis when he lirst noted pain in the upp.r right 
quadrant of the abdomen He became jaundiced and this was accompmetl be 
diarrhea and passage of green watere stools Tor the first teeo dae > he had imin 
ten to twente stools a dae The stools then became normal and eere baht and 
putte-like in color The condition remained about the s unc tor irom --ix to steeii 
daes eehen he had sudden pain in the right side of the thorax see ere chills e ith 
tceer, and marked perspiration which lasted until morphine was eneii He eeas 
sent to the hospital and a diagnosis oi pneumonia oi the right lung v a^ nude 
The jaundice cleared up in about teeo eeceks md the stools became colored alter 
about three da\s One week after the admi-'Sion ot the patient to the ho--pital 
the riglit side of the thorax eeas asjiiratcd uid ibout 2 liter' ui clear ‘'m,i . j, 
reinoeed The aspirations eeere repeated eeere teeo to three dae-- f<ir the iiexi 
three weeks eehen the fluid became purulent and one nb eeas rc'ccled n r dr in- 
a"e The patient did fairle eeell until about one eea-- p'-ior to sdm "'ni wiiei 1 e 
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again began to have fever with shglit chills This subsided with increased drainage 
from the sinus in the right lower portion of the thorax He had had repeated 
similar attacks in the jear prior to his visit to the clinic, which would disable 
him for from a few dajs to a week at a time The bow^els were normal, and lie had 
no cough or expectoration m the %ear pre\ious to his admission He had lost 
60 pounds (27 2 Kg ) m w'eight during the jcar 

Results of general examination were essentiallj negative, except that it disclosed 
marked loss of weight and abnormalities m the right side of the thorax The urine 
was normal The concentration of hemoglobin was 35 per cent, erythrocvtes 
numbered 3,800,000 and leukocytes 7,-100 m each cubic millimeter of blood The 
color index w'as 06 The Wasscrmann reaction of the blood was negative 
Examination of the pus discharged from the sinus of the right side of the thorax 
did not disclose sulphur bodies or actinomycosis Roentgenograms of the thorax 
reiealed etidence of elevation of the diaphragm on tiie right side w'lth a fluid 
level beneath, suggesting an old subphrcnic abscess Operation was advised 



Fig 3 (case 4) — 4 roentgenogram on admission showing fluid at tie as^^^ 
the right lung apparently below' the diaphragm , the fluid level at t le ten 
posteriorh , partial collapse of the lower right lobe and enlargement o e 
graded 1 B, roentgenogram on dismissal showing moderate elevation o ^ 
side of the diaphragm and slight interlobar pleurisy , the lungs were norm 

How'ever, the patient refused to be operated on and w'ent home He re^ 
the clinic on December 30, as his condition had been getting pronr^ssi 
since his previous visit (fig 3/f) He had been unable to do am 
interval Itlo"^’' 

On Jan 4, 1930, a tube w'as inserted into the draining sinus m ^^^j^g^grial 
part of the thorax, and about 700 cc of reddish-brown, thicc, justohli^^ 

with fetid odor, was removed This was found to contain En of 7^ 

Drainage of the subphrenic abscess was established m one stage y r ^ cavity 
cm of the tenth and eleventh ribs m the posterior scapular exploration ol 

about 900 cc of this same reddish-brown, purulent materia lower latem® 

the cavitv, it was found that the sinus tract, which led to tie 
thoracic wall was very tortuous and opened into the extreme 
the subphrenic abscess, at which point it had penetrated the laP 
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Convalescence was iine\entfiil The temperature dropped to normal on the 
fourth da\ The patient vas dismissed from the hospital on the fourteenth daj, 
at which time the wound was m excellent condition, and there was a large residual 
cavity w'hich was filling m rapidb The patient wxas dismissed from obser\ation 
s!\ wrecks after the operation, at which time the ca\it 5 " w’as almost completel}" 
obliterated, and his general condition was excellent He w’as given tw'o courses of 
emetine during convalescence and had gained 15 pounds (68 Kg) in weight, 
w'lth marked increase in strength He returned for observation three months after 
operation, at which time his general condition w'as verj good The concentration 
of hemoglobin was 60 per cent, and he had gained 40 pounds (181 Kg) m 
weight The operatne w'ound and the old sinus in tlie anterior thoracic w'all had 



Fig 4 (case 4) —Old sinus in the right side of the thoracic wall, and recent 
operative wound entirely healed on patient’s dismissal , condition excellent , gain 
of 40 pounds in weight 

entireb'- healed The roentgenogram of the thorax gaie evidence of ele\ation of 
the right side of the diaphragm to the fourth rib and did not reveal abnormaht\ 
m the lungs (figs 3B and 4) 

Comment — This patient stated that he had ahvats Incd in a 
temperate zone and had never been south of Iowa He had been 
tiotibled more or less with diarrhea since he was a small child and 
theiefore attached no simnficance to the more lecent attacks of diarrhea 
The severity of his illness, simulating pneumonia is rather unusual 
Probably the oiigmal condition w^as abscess of the Iner which had 
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luptniecl into the subphienic space, at that time causing the maiked 
piostiation The piogiessive dyspnea piobably lesulted fiom a compli- 
cating pleuial effusion due to the subphienic abscess The first 
aspnations undoubted!}' diained this secondary clear pleuial eifusion 
The latei aspnations piobalth penetiated the diaphiagm Then, as 
lesection was of the ninth nit in the midaxillary line, and as the 
diaphiagm was maikedly elevated the subphrenic space was enteied 
instead of the pleuial cavit}, and thus the extieme anteiior poition ot 
the abscess cavity wms chained Open surgical diainage w'as necessari 
because of the secondaiy infection of the amebic abscess and because of 
the patient’s extiemc illness 


Cast S — A man, aged 25, a resident of Indiana, consulted the clinic on Dec 6, 
1928, because of loss of weight and hemoptysis of live weeks' duration About 
three months prior to admission, he noticed pain in the right posterior portion of 
the thorax ivith afternoon fe\er, loss of appetite, general iveakness and loss of 
weight A week or so later he first noticed a nonproductne cough About two 
months before he came to the clinic, after he went to bed, he coughed up some 
blood He consulted a physician, and a diagnosis of fluid in the right side of ibc 
thorax was made Diagnostic aspiration ivas done, at w Inch time a small amount 
of blood\, purulent material %vas obtained A few davs later, resection of a ril), 
with drainage of the right pleural cavits was done There was some improve 
ment in his condition, but the cough continued, became progressively worse, and 
was accompanied by considerable bloody' expectoration There was little drainage 
from the thoracotomy vvound, which had practically closed Because of Ins 
cough, bloody expectoration and loss of weight, a malignant condition of the lum 
was thought to be present , 

At the time of admission to the clinic, the patient was w'cak and emaciate , 
and was sent immedidtely to the hospital He stated that previous to the onset 
oulmonaiy symptoms, he had had loose, w'atery stools, probably three or oii^ 
times a day He did not think much about this There w'as no pus or 
the stools While m the hospital, six w'ceks before he came to the 
condition had become worse and had remained so for four weeks while le wa^ 
there On dismissal, tw'o weeks before he was seen at the cliiuc, his 
W'as improA'ed, but his sy'inptoms recurred on admission to the hospital a ter 


come to the clinic 

General examination revealed marked emaciation, with loss of about 
(15 9 Kg ) m weight The svstohe blood pressure was 120, and 
The pulse rate was 150, and the temperature at 4 p m was 101 F {j,e 

revealed dulness, with decreased breath sounds and decreased fremitus 
entire right side of the thorax, posteriorly' There was a healed resuItSi 

side of the thorax, posteriorly Urinalysis gave essentially neg^ 'abbm 
except that it revealed a few pus cells The concentration of fe« 

estimated at 45 per cent, erythrocytes numbered 3,310,000 an pie 

from 14,800 to 28,100 m each cubic millimeter of blood Examma^i^ negatne 
sputum for bacilli of tuberculosis, spirilla and fusiform baci i P,e 

results The stool contained Eiidaiuoeba histolytica RoentgenOo^a^^^^ ^ 
thorax revealed endence of a thickened pleura at the right 5 of tbe 

level at the fourth nb (fig 5 A) A diagnosis was made of ame ic 

lung, secondary to a ruptured abscess of the liver, and operation was 
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On December 8 the right thoracic caMty was aspirated, and a small amount of 
thick, blood}, greenish pus uas removed This was found to contain Endamocba 
lustoivtica The stool obtained on the same day contained Endamocba hisfolytica 
Two courses of emetine and a product similar to acetarsone were given The 
patient’s condition immediatelv began to improve He continued to have con- 
siderable cough and expectoration and roentgenograms of the thorax disclosed a 
shadon in the region of the right lower lobe, posteriorh It was thought that this 
was either a w'alled-off pocket in the pleura or an abscess of the lung, and opera- 
tion was advised On December 15, posterior thoracotomy w^as performed, and a 
small pleural pocket containing about 30 cc of thick, purulent material was found, 
into which opened several bronchial fistulas, wnth a large necrotic mass in the 
right middle lobe of the lung A portion of this necrotic pulmonar> fssue w'as 
removed for better drainage and the cavitj w'as packed wnth iodoform gauze 
The necrotic material removed from the wall of the abscess m the lung contained 
amebas Tw'o subsequent courses of the aforementioned drugs w'ere given 



Fig 5 (case 5) — A, roentgenogram on admission showing increased densit% 
over the entire lower right portion of the thorax , elevation of the diaphragm ( ’) , 
fluid ( ?) B, roentgenogram one month after drainage of an amebic abscess in 
the lower portion of the right lung, dense infiltration of the base, and elevation of 
the right side of the diaphragm 

• 

The patient’s condition continued to impro\e satisfactonh He was dismissed 
from observation on the forty-eighth day after operation, at which time his general 
condition w'as satisfactory He had gained 26 pounds (118 Kg) m weight and 
there W'as marked improvement in strength The thoracotomy wound had prac- 
tically healed A roentgenogram of the thorax disclosed dense infiltration at the 
right base and elevation of the right side of the diaphragm (fig 5B) 

Couunent — This case was diagnosed successnely, as pnmart intra- 
thoracic disease empyema and a malignant condition of the lung The 
attack of dianhea at the time of the patient’s admission to the clinic 
si^iggested the possibilit}^ of an amebic abscess of the Inei which had 
niptuied through the diaphiagm It is unusual to find amebas in the 
pus w'hich IS 1 emoted fiom the thoracic catitt 




1160 


ARCHIVES OP SDROEIU 


ABSTRACT OF DISCUSSION 

Dr L T LkWaii), New York I should like to show se\eral slides illus- 
trating the difference between a subphrenic lesion and a pleural lesion 

In the case (for a report and illustration of the case see Subpbrenic Abscess 
and Its Differential Diagnosis Roentgenologicallj' Considered, Arch Surg 10 
544 [Jan ] 1925) illustrated in this slide I had previously examined the patient on 
account of a subacute abdominal condition on the right side, nhich maj liaie 
been due to appendicitis About a month later, I saw this large fluid level lesion 
with some irregularity just above it My diagnosis was subphrenic abscess asso- 
ciated with slight pleuritic involvement, simply adjacent irritation through the 
diaphragm without am actual collection of fluid iii the pleural cavity I had 
great difficult in maintaining this diagnosis Two internists insisted that the 
fluid w'as in the pleural cavlt^ Iw’o surgeons also said the fluid w'as in the 
pleural cavitj How'evei , one surgeon agreed w’lth me that it w'as a subphrenic 
abscess, wdiich pioved to be tlie case 

I W'as particularly convinced b\ the lateral thoracic view', w'lth a complete 
curve of the diaphragm, that the fluid was below the diaphragm I think tliat 
makes the differential diagnosis w'lth absolute certainty The dome of the 

diaphragm is perfectly depicted follow'ing this line all the way back, and above 
that the slight pleural exudate on the diaphragmatic surface of the pleura 
At the first operation, the surgeon w'ho w'as not convinced that it was a 
subphrenic abscess did an open operation above the diaphragm and then inserted 
a probe w'lth the idea that it w’ould lead into the abscess cavity It did not, but 
went into the pleural cavity However, it did no harm, as the pleura w'as alreadj' 
infected Then at a subsequent operation an incision w'as made downward 
through the diaphragm, and the abscess w'as drained 

Drainage was then instituted, and the patient made an excellent recoven 
I took a roentgenogram of him several months afterward, and the diaplmagni 
remained slightly ele\ated, but the pleural lesion had entirely cleared up 

I insist that direct lateral exposure is necessary in making a differential diag 
nosis in a case of this sort If oblique prejection is used, the signs are difflcu t to 
interpret Oblique projection is useful at times and supplemental, but to see 
the dome of the diaphragm it is necessary to make a direct lateral exposure 



THE TREATMENT FOR PENETRATING WOUNDS 
OF THE PLEURAL CAVITY 

DUFF S A.LLEN, MD 

ST LOUIS 

The tieatment foi wounds that penetiate the pleuia is diametiicalh 
opposed in many lespects to the tieatment foi wounds that penetiate 
the peiitoneal cavity The tieatment foi wounds that penetrate the 
abdominal cavity usual]} is radically opeiative, foi those wounds which 
penetiate the thoracic canty, the conseivative nonopeiatne tieatment 
IS often the best The presence of blood within the abdominal caiiti 
IS of little moment It may be left undisturbed Blood left within the 
pleuial canty may lead to extensive einp}ema and death 

The suigical pimciples that goiein the treatment foi wounds ot 
the peiitoneal cavity cannot be applied to the tieatment toi w'ounds of 
the pleuial cavity This distinction is impoitant It saves life If the 
surgeon peifoims an exploiatoiy thoiacotomx on the same piemises 
that he does an exploiatoiy laparotomi, foi example, tor a penetrating 
gunshot w'ound, many patients w'hose chests aie explored will die who 
othenvise would not have died 

The explanations for this are based on fi\e facts 1 Theie aie 
difteiences between the organs contained wnthm the pleural, and those 
within the abdominal, cavity 2 The piessures wathin the pleuial caMt\ 
aie maintained at a moie negative level than are the piessures wnthin 
the abdominal cavity The natuial tendenc} of the pleuial ca\it\ is 
tow'aid the foimation of cavities, the natuial tendenc} of the abdominal 
cavity is tow'aid then obliteration 3 The pleuial caiiti seems to 
leact to the piesence of contaminated blood m a mannei ditteient from 
that of the peiitoneal cawty 4 It is impossible to bung the pleuial 
cavities and the oigans that they contain to a complete oi even an 
eftectual lest 5 The blood pressuie wnthin the pulmonar} cii dilation 
IS only one-sixth the piessuie within the s}steinic circulation Bleed- 
ing is moie easily controlled wdien it occurs from the pulmonari sistem 
than when it occurs within the abdominal caiit} 

The lecent World War affoided an unusual opportuniti for the 
study of penetiating wmunds of the chest Foi the first time the mod- 
em suigeon, equipped wnth his present knowledge, could obserre and 
tieat such wmunds m wfiiolesale lots Large defects in the chest wall 
were often seen as the lesult of shiapnel and pieces of high explosnc 

*rrom the Department of Surger' Washington Uni\crsit\ School of 
Aledicine 
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shells Of couise, theie weie mimeious bullel wounds of the chest 
that pioduced injunes snnilai to those met with in civil, oi pet haps 
uncivil, life toda)' 

In the beginning of the wai, wounds of the chest that did not pio- 
diice immediate death weie not consideicd unusually senous This 
idea was the lesult of pieMous expeiienccs with wounds obser\cd in 
civil life It was soon found, howcvei, that the wounds lesulting fiom 
shiapnel and high explosne shells weie difleient fioin the wounds seen 
in civil piactice 

Biadfoid,^ one and a half >eais aftev the beginning ot the war, 
repotted a senes ol about 500 cases of gunshot wounds observed in a 
base hospital The patients weie fiist seen by him fiom two dajs to one 
01 two weeks aftei mjun Such cases, he found, weie not attended by a 
high moitahty He noted that 25 pei cent of all cases of hemothoiavfoh 
lowing penetiating gunshot wounds showed infection He advocated 
aspiiation of the hemothoiax and simultaneous replacement of the 
\olume W'lthdiawn liy oxygen The picsenl lepoit shoNvs the beneficial 
effect of lemoval of the hemothoiax, but the method of leraoval difteis 
slighth fiom that used by Biadfoid He found only 1 case in nhicb 
theie was a fatal secondaiy hemoiihage in 500 cases of gimsbot 
wounds ^ 

Dinal ^ collected fiom the hteratuie a total of 3,453 cases, lepoited 
bi 37 authois These wmunds of the chest and lung weie sustained m 
the w'ai The moitahty' was found to be 20 per cent He found dial 
hemoiihage and asphyxia due to laige defects in the w'all of the chest 


w-eie the pimcipal causes of eaily' death 

Ceitain definite pioceduies of tieatment w'eie evolved, both m t’ 
Allied Annies and m the Aimies of the Entente Duval aiu 
co-woikeis established elaboiate suigical piocediues foi the tieatm 
of extensive wounds of the chest This was essential to the 
foi w'ai wounds In these cases the defect in the chest w'all is 
laige and the wound m the lung is extensive These conditions s 


obtain in w'ounds of the chest acquired in end bfe 

Duval noted that simple bullet wounds weie eithei inime^ 
fatal Ol 1 datively benign It is important to recognize jq 

practice Fxpeiience leads one to believe that it is seldom nece^ 
operate on the ordinal y gunshot and stab wounds of the 
It IS not my piimaiy pvupose in this papei to discuss tie 
toi wai w'ounds of the pleural cavity The foiegoing com 

T et 1 

1 Bradford, John Rose Gunshot Wounds of the Chest, anc 

2 Bradford J R Bnt J Surg 3 247, 1915 Qc 

3 Du\al, Pierre Les plaies de gueire du pournon, Paris 


1917 
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made loi the puipose o\ eontiastin-^ such ticatnieni with that necess,u\ 
in the usual pcuetiatinc; gunshot and stab wound met with in end life 
Adniiiable dcsciiptions of the piopci tioatment foi wai wounds ol the 
ehest haee been puldislicd In Liheuithal ' Dinal Rudolf, (»ask <ukI 
AVilkmson.'’ and Robeils and Ciau^' 

\mone[ the main othei exeellent ailteles dealiiv^ with the ]nopei 
tieatment foi wai wounds those of Lockwood'' Dolison ' Moielli 
Hutchinson” and 1 ufliei suintnan/e the ticatments toi the eaiious 
t\pes ol lujuiies 

1>KI si \ I SI uii s 

This IS a lepoit ol the studi ol 1 62 eases ol gunshot and stab woundb 
ot the chest Ihese iiatienls had cnteied the Baines Hospital oi the 
St Louis Cit\ Hospital shoitK altei llu\ had sustained their injuiics 
The\ wcie all seen within the in si loin houis aftei injun except toi 
two patients who entcied the Baines Hospital twent\-ioui and thiite- 
two houis, lespcctneh , aftci injuic 

Following these iicncliating wounds of the pleuia death oceuis as 
a lesult of the immediate efieet ol bleeding and also as a lestilt ot the 
latei complications I'oiemost among the latei complications is 
empi ema 

Seieial leais ago dm mg an nnestigation of the etiologi ot emp\- 
ema, I had occasion to obseive a numbci ol gunshot and stab wounds 
of the pleuial caul} expeiimental woik indicated that the pies- 

ence of contaminated blood within the ])leuial caiiti is likeh to lead 
to the foimatiou of cmp}ema Fiom this expeiimental w’Oik I acquned 
a gieat deal of lespect and concern foi contaminated heinothoiax In 

4 Lihenthal, Howard Thoracic Surc:cr\ Philadelphia, W B Saunders 
Compain, 1925, vol 2, p 518 

5 Rudolf, R D Later Hlstor^ of Cases of Gunshot 3\ounds ot the Chest 
with Retained Missiles, Lancet 2 709, 1917 

6 Cask, G E and Wilkinson K D Penetrating Gunshot M^’otinds of the 
Chest and Their Treatment, Brit M J 2 781, 1917 

7 Roberts, J E H, and Craig, J G The Surgical Treatment of See ere 
War Wounds of the Chest, Brit M J 2 576. 1917 

8 Lockwood A L Earh Operatic e Treatment m Chest Surgerc War 
Hed 2 6, 1917-1918 

9 Dobson, J T Some Features of Gunshot Wounds of the Chest Brit 

J 1 661, 1918 

10 Morelli, Eugenia Contnbuto alia cura dell empiema, Polichmco (sez 
med) 25 153, 1917 

H Hutchinson A Studj of 450 Cases of Wounds of the Chest, with Special 
Reference to a New klethod of Treatment for Infected Haemothorax Canad 

^ J 8 972, 1918 

12 Tuffier, T The Secondary Surgical Treatment of Chest Wounds War 
Med 2 16, 1917-1918 
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ever} gunshot oi stals wound of the pleuia that I observed there wa;, 
oppoitunity for the foiination of a contaminated hemothorax M} 
efforts were directed, therefore, toward the prevention and removal ot 
the hemothorax 

The idea of removal of the hemothorax is not new It is piacticed 
geneiall} During the Woild War it was found that the moitality was 
1 educed about 15 pei cent by caieful attention to aspiration of the 
blood A cuiious fact is that the blood does not clot readily within the 
pleuial caMty I have been able to aspnate blood as long as nine weeks 
after a patient received a gunshot rvorind of the chest 

There is a moie simple way of removing the blood from the pleural 
cavit} than b} aspiration It consists of closing of the w'ound iii the wall 
of the chest and having the patient he rvith the closed hole down, in 
the most dependent portion of the chest The hemothoiax will giadii- 
ally leak out 

The following case is an example 

RLPORT OF A CASE 

S C, entered tire hospital on Oct 28, 1923, at 10 50 p in, vwth a historj ot 
having been sliot with a pistol one-half hour before He was conscious, bleeding 
from the mouth and thirsty He answered questions intelhgenth 

On examination, a small round wound was visible in the lower portion of 
the right axilla at the level of the sixth rib There was a larger wound 
midsternal line at the level of the third rib through which air was being sue e 
with each respiration There was no marked bleeding from either wound ( ^ 
patient was lying on his back) The pulse rate was 120, respirations 2 an 
temperature 37 4 C (99 3 F ) 

Fluoroscopic examination of the chest showed the side to be clear 
cardiac outline was not markedly enlarged, the shape of the pencar 
that of a normal heart The right side of the chest was opaque 
When the patient was turned on the left side he complained of shortness ® 
and the heart shadow moved toward the left Hemothorax (and pneunio 
of the right side of the chest was evident 

The percussion note was resonant in the lett side of the ch^t 
sound did not indicate pneumothorax of the left pleural cavity flatness 

of the chest disclosed distant breath sounds, with some impairment 

Immediately on the patient’s entrance to the hospital he was jj,(.Kiiig 
dermoclysis of 1,000 cc of physiologic solution of sodium chlori e 
wound of the chest was closed He was turned on his right si e j.gpeitcd 
the bullet wound down Morphia, % gram, was given, and the ose 

during the night , , hleedmg 

At 2 30 a m , on October 29, the patient was found o appl'®^ 

from the wound beneath the right axilla A pressure an a^ m 

(note by Dr Deakm) At 3 30 a m, he was still bleeding tro j- 

the chest wall (Dr Deakm) During the night the temperature ^„d -Id 

At 8 00 a m , examination showed the blood pressure to e ^22 Tb" 

diastolic the temperature was 39 6 C (1031 F) and tie (he 

I ate of icspiration was 40 The respirations rcmaine 
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pressure had fallen, and the pulse rate remained stationar\ On the same dav 
Dr Singei saw the ease and made the following note “There is no eMdence 
of hemothorax Considerable interstitial emplnsenn throughout the right chest 
extending down to abdomen Left lung is cleat ” A transfusion of 500 cc was 
gnen The patient’s tempeiatuie becune normal on the third dav and did not 
rise again 

Hie discharge note made b\ Dr Webb, on No\ ember 10 stated “Patient 
W'as brought m suffering from gunshot wounds of the chest through the lungs, 
much hemorrhage took place A blood ttansfusion w’as done He reco\crcd 
somewhat rapidh and was .ippaieiith well on discharge” 

Coiiiniciit — The sinking fcatuic in this case was the absence of 
hemothoiax on the inoining following the injiiiy Theie wms a maiked 
hemothoiax one hoiii aflei the injiin, but tins leaked out The comse 
W'as unusualh smooth, wdnle the patient w'as in the hospital, and the con- 
dition cleaied up rapidh He w'as gnen a tiansfusion on the moining 
following Ins enti} to the hospital, but the led blood cell count indicates 
that this W'as not uigentl) necessai} The fact that he had eliminated 


Laboialoiv Ol><!Ciz’alioin 



Red 

Hemo- 

globin, 

White 

Date 

Blood Cells 

per Cent 

Blood Cells 

Noi ember 29 

3,540,000 

60 

7,200 

November 30 

3,600,000 

60 

11,800 

November 31 

4,200,000 

70 

6,100 \ (tw'o counts 
5,900 J made) 


the hemothoiax and that blood was visible on the diessings ga\e use 
to the belief that he had had an unusual amount of hemorihage, and a 
tiansfusion w'as therefore given foi safety Aftei the fiist day the 
temperature was never above 100 F 

By thus allowing the blood to escape slowly fiom the pleuial cavity, 
the foimation of an extensive hemothoiax is prevented This pio- 
ceduie was used as a routine measuie in thirt)'-eight cases None of the 
patients died In six of the thiity-nine cases sufficient blood lemained in 
the pleuial cavity to justify aspnation 

The clinical couise m patients W'ho aie kept fiee fiom the formation 
of an extensive hemothoiax is smooth They are almost free fiom 
fever, respiiations are not laboied, theie is little shock and sweating, 
and the patient feels comfoi table In foui cases, tiansfusions w'ere 
made on account of loss of blood 

Theie has been a question in my mind fiom the beginning of this 
W'oik as to whether it is wise to allow' the escape of a hemothorax 
eaily aftei injury to the lung, since its piesence is considered to be 
beneficial in i educing the hemoirhage from the lung It seems logical 
to expect collapse of the lung to be beneficial in conti oiling hemor- 
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ihage iiom it Howevei theie was no clinical evidence in the thut}- 
eight cases obsei ved that the gi adiial and continuous escape ot the blood 
fiom the pleuial cavity inci eases the hemoi ihage fiom the lung 

It has seemed to us that the giadnal escape of the blood fiom the 
loleuial cavity has ceitain desiiahle features that lecomniend it in piefei- 
ence to aspiiation In the fust jilace, the leakage is continuous and 
slovi ^^hlle aspiiation is done lapidly and at inteivals Aspiration pio- 
duces a sudden expansion of the injuied lung which would be expected 
to lead to hemoi ihage If the blood is allowed to leak out gradually 
as It escapes fiom the mjuied lung, no sudden change in the contoui 
01 size oi the wound m the lung is bi ought about Then, too the escap- 
ing blood selves as an index to the amount of bleeding that is taking 
place One can see it, 50 oi 100 cc of blood produces consideiable 
soiling of the diessings In contiast to this, much laiger quantities 
ma\ accumulate ^\lthm the pleuial cavity without their presence being 
noted Fiequent i oentgenogi ams made with the chest in the upiight 
position will ie\eal this blood This, howevei, is difficult to accomplish 
If the foimation of a laige hcmothoiax is pi evented, the patient leinaiiis 
flee fiom fevei, he is comfoi table and convalescence may be said to 
begin at once With an extensive hemothoiax even if steiile. the patient 
IS usually sick and often has a tempeiatuie leaching 103 F Finalh 
the presence of a hemothoiax is conducive to the establishment of an 
empyema It should not be allowed to lemain’’ 


RESULTS 


Ot the 162 cases lepoited heie, 47 weie stab wounds, and H 
shot wounds, of the chest Seven of the cases of stab 
fatal, but the cause of death was associated stab wounds of the a 
in 5 cases and immediate hemoiihage horn the heait m 2 
patient died of injuiy to the lung Hemothoiax occuned m 4- o 
cases Two patients weie opeiated on foi ligation of the inte 
arteiy The pleuial cavity was not explored in either of these 
In the 115 cases of gunshot wounds of the chest, only 
died when the pleural cavity only was entered by the bul et 
these died immediately^ of hemoi rhage, and 3 died latei of the 

infection of the pleuial cavity^ and injuied lung A 


115 patients died Twenty-two of these cases 


were compheai 


associated wounds of the abdomen, spinal coid and sn’ ^,goalh siir 
dent that patients with oidmaiy bullet wounds of the 
Mve unless there are associated wounds which cause tea 

^5 23 F-' 

13 Mien, D S The Etiologi of Empyema, Surg Guiec » 
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One ot these patients died liom associated injun of the left ^en- 
tiide This \\as coiieclU diagnosed and the niediastiiuim Mas immedi- 
ateh explored 1 he apex of the heart was lound to ha\e been shatteied 
In the bullet to such an extent that it was impossible to check the 
heinoiiha^e 

Bullets weie reino\ed ftoin 21 ot the 115 patients with gunshot 
wounds In 15 eases the bullets w'eie embedded in the wall of the 
chest and could be iemo\ed without distuibancc of the lung In 6 cases 
the bullets were iemo\ed fiom the lung, hut in no instance before two 
weeks had elapsed aftei the injui\ 

COMMHNT 

Ihe treatment lor gunshot and stab wounds of the pleuial caMU 
has been dnected, in the mam tow aid remo\al or pre\ention ot the 
toiination of a hemothorax It was not found necessar\ to operate 
iinmediateh on the lung in a single instance Onl} 7 of the 135 patients 
died who had penetrating wounds imohing the chest onh Thiee of 
these died from hemorrhage fiom the heart This low' mortalit} rate 
in patients with simple stab and gunshot wounds of the pleural cavit\ 
indicates that it is seldom necessan to explore the chest in such cases 
The methods emploxed to deal w'lth the hemothorax were simple 
aspiration, aspiration and immediate replacement of the aspirated blood 
bj' an , and, in thirt) -eight cases, allow'ing the blood to leak out of the 
closed wound in the w'all of the chest In two of the latter thirtj -eight 
cases, air was injected into the pleuial ca%Mt} to allow for collapse of 
the lung, following this, the patient was placed wnth the closed wound 
dowm The hemothorax gradualh leaked out This method of dealing 
W'lth a hemothorax seems to be as logical as aspiration and the simul- 
taneous introduction of air for replacement 

I wish to emphasize the fact that the commonest w'ounds of the 
chest, as the) are met w'lth m end life, differ m t)pe from the extensne 
W'ounds met W'lth during the World War Those occurring in end life 
are usual!) the result of pistol bullets and stabbing with a knife Thei 
seldom require suigical exploration of the pleural cavit\ 

ABSTRACT OF DISCUSSION 

Dr \ T BAZl^, Montreal, Canada I ^\as ^erJ much interested m Dr Allens 
presentation, particularlj in that which is new to me the ability of getting rid of a 
hemothorax bj placing the patient on the wounded side Collected blood in the 
pleural caritj clots slowh Later it liquefies and aspiration of it can be main- 
tained for a considerable period of time 

He has dealt with the most benign tjpe of wound of the chest, gunshot wound 
I think that Dmal developed the radical treatment more for ragged wounds, shell 
wounds -with wide open gaping wounds in the chest wall In mi first two rears 
of war serxice I was in the field ambulance We learned and in fact later were 
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ordered, to close these gaping wounds immediately with anything The patient’s 
condition immediately improved Large doses of morphine were given frequentl}, 
and the patient was kept in a sitting position until he could be moved M} last 
year of service was at the base hospital, where there was a fairly large luit in 
which wounds of the chest were treated 1 here we met with cases of hematoma 
with gunsliot wound 

1 here is one point that I should like to emphasi/c As Dr Allen suggests, if 
the cases are seen late, a hemothorax will not leak out after the wound is more or 
less sealed ovei Something has to be done w’lth the hemothorax Thej can be 
classified as large and small A small hemothorax, no broader than the hand maj 
be let alone, with the patient sitting up, and no evil results w'lll happen I used 
to aspirate the large hemothorax 

Another classification is nomnfected and infected hemothorax We found, b% 
collaboration w'lth our pathologist, Laurence Rhea, tliat w'e could anticipate the 
infection of the hemothorax and deal wuth it accordingly In routine aspirations 
every second day, cultures v'crc made of the aspirated material, the fluid was 
spread out on a plate and little portions of clot could be picked out These were 
crushed under a cover slip and stained, and occasionally one would find in those 
little pieces of clot definite colonies of organisms As soon as that wms discovered, 
the case was ready for operation, thoracotomy, thorough cleansing of the herao 
thorax and complete closure m lavers, an airtight closure, with subsequent repeated 
aspirations Under such treatment massive cmpvema or any severe infection m 
the pleural cavity w'as avoided Getting nd of the residuum of clot, which is an 
excellent culture medium for the organisms, produced a comparatively mild infec 
tion of the pleural membranes 

Ur D C Erkins, Atlanta, Ga During the last year m Atlanta I had niiiet) 
six cases of penetrative wounds of the chest, all occurring m Negroes The gre^t 
majority of them w»cre due to ice pick wounds, a few to razor w'ounds and tie 
rest to gunshot wounds Of the ninety-six patients, eight died— -seven o tiem 
within twelve hours — of extensive lesions, usuallv complicated bv gunshot woiin 
of the abdomen, spinal cord, bladder or brain In three of the eighty-a'>’c 
who lived, enipj^ema developed, one of these died of a staphjlococcic 
and in the other tw^o patients chronic empyema developed that was excee nio 
difficult to clear up , 

Our method of treatment was to give all of the patients large amou 
morphine, to close the external wound when they w^ere sucking an n 
the aspiration on the third to the fifth day, it was our opinion that i 
W'as left alone that long, it would compress the lung, as Dr Lihentia s 
prevent further bleeding, and that after that time there w'ould pro a y 

bleeding after the aspiration . pafieik^ 

I was much interested in what was said in regard to placing ic 
on the side for drainage I shall certainly try it ;^]]eiA 

Dr C D Lockwood, Pasadena, Cahf I think that this that of 

IS timely, not only from the point of view of gunshot w'Ounds, u particu 
the number of crushed chests that are seen in automobile acci eii s 

iarly in airplane accidents . 

I agree more or less with what Dr Bazin and Dr Lihentia ^ pnial 

to the treatment m some of these cases In the group of cases i 


vvj tilt n Jii jsuitic ui 3 <=> * rl 1 111 

undoubtedly first started his operation the patient otherwuse i 


sent to 


(be 


operating centers or in the casualty clearing station and was 
base area at all These patients had a wide open chest wut an 
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thorax, the opening of which was so wick that it could not he kept closed b> 
suture 01 b^ adhesive plaster The patient died w'lthin an acerage of from 
twentc-four to forU -eight hours Those wdio reached the casualty clearing 
station alne were dead within usualh fortj -eight hours This occurred until 
Tulv, 1916 For a a ear and a half I had made a practice of observing cases 
of this tjpe e\er\ daa and consigning a certain portion of them to a moribund 
ward The patients were given morphine and left to die Beginning wnth the 
last week of Juh the mortahtv of 80 per cent m that group w'as changed to 
33 per cent for twehe months out of the a car 

That type of procedure applied to cases of a avide open chest m aahich there 
W'as no hope of saving the patients except bj' radical measures In these gun- 
shot avounds of the chest one has to keep in mind one or two of the problems 
of which Dr Allen spoke, paiticularla that of avhether or not the avound is a 
ragged t 3 pe that might haae carried some clothing into the chest In this case 
an infected hemopneumothorax would occur, on the other hand if it is a clean 
tape of bullet avound, avith a small hemothorax, and if the patient is getting 
along fairla comfortabla, one should wait for some time We have made the rule, 
however, that these patients should be looked on as emergency cases daj' and 
night, that the phasician in charge of that work should be called immediately 
a\hen the patient’s condition seems to require it, and that he should constantly 
observe the patient for the first six to eight hours When the patient does not 
improae gradually, we give him a transfusion and get ready for the operation 
We would not aspirate the chest under anj conditions at that time, but we might 
attempt to put more air into the chest as Dr Lilienthal has said 

For five jears I have been taking a rather active interest m the fljing corps 
in my couiitrj, and we have rather active clubs there at the present time There 
is a rule that all flyers carry a small emergency kit, so that if a flj'er crashes 
and has an open wound in the chest, it can be sewn, if possible, or covered with 
adhesive tape Besides this they are provided with the ordinary first field dressing 
used during the war and with a small ampule of morphine tablets to take by 
mouth By tiding them over with morphine and by closing the opening in the 
chest we hope to prevent the mortality that occurs m these cases in the first 
half hour If the patient reaches the hospital, even though he has a badly 
staved-in chest we may be able to do something for him 

We deal with these cases as we did during the war We watch the patients 
closely, and if the 3 ' are not holding their own and have a large hemothorax, we 
prepare to operate on the chest I think that one must follow' the same pro- 
cedure with gunshot w'ounds if the patients are not holding their ow'n at the 
end of about six hours If they have a clean bullet wound, I think that the 3 
ought to be let alone They ought to be given the benefit of any doubt, how'e\er, 
and operated on rather than be let alone 

Dr F T Lord, Boston I should like to suggest in addition that the cultures 
be made under anaerobic as well as aerobic conditions 

Dr H Brunn, San Francisco I believe that all are agreed that the con- 
servative or expectant method of treatment is, in general, the preferable course 
to follow in the treatment for penetrating w'Ounds of the chest It has been m3 
experience, however, that this method of treatment does not answ'er the question 
for all cases When death occurs the question arises as to whether or not more 
active measures taken earlier w'ould not have been the better poliC3' I feel, 
therefore, that careful observations must be made on every penetrating wound m 
Its earlier stages m order to decide if the hemorrhage is uncontrolled and if a 
radical procedure is indicated 
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In looking over statistics at the San Francisco Hospital for a period of ten 
years and following up some of the cases, we discovered that while patients were 
discharged as cured they were left disabled because of inability to resume their 
usual occupations This was usually the result of adhesions which caused a great 
diminution m their vital capacity 

As a result of these observations we adopted in our conservative measures a 
certain hue of treatment As soon as fluid collects m the pleural cavitv it is 
withdrawn and an equal quautit% of air is put m with a pneumothorax machine 
and the pressure read We do not remove fluid wuthout replacing with air By 
this means we are enabled to remove the fluid carlj without setting up the 
hemorrhage afresh bj the release of pressure We also believe that fluid m the 
pleural canty is defibrmated In the churning action of respiration and that this 
deposit of fibrin earlj covers tlic parietal and visceral pleura and quickly becomes 
organired, fixing the lung m an unnatural position 

Our policy, therefore, is to treat penetrating wounds conseri ativelv, watching 
the case carefully for the first three or lour class for hemorrhage and infection 
and not hesitating on early indications for radical measures I believe the iiith 
drawal of fluid from the chest and the replacement of air to be a great advantage 
m the conservatu c treatment in such cases 

Dk C III Ya's Ai lun, New Haven, Conn On the subject of coagulation 
of the blood that is accumulating m the clicst m tliese cases, I should like to ask 
Dr A.Ilen if he has anv explanation for the failure of coagulation of the blood 
as It lies m the pleura I should like to add an observation of my own m that 
regard 

Some time before the present meeting, a patient svas admitted to the hospita 
wdio liad shot himself with a revolver in the left side of the chest On admission, 
he showed a large hemothorax Expectant treatment was used, and two wee s 
later lie seemed to be fully recovered except that he had a large mass o 
in the pleural cavit) We undertook aspiration of the blood The bloo o" 
through the needle easiU, and we took out about 1,000 cc the first time, 
simply because we felt that we ought not to take out more than that at 
The blood was still fluid at the end of two iveeks When it went into t e 
It clotted within a minute or so, so that on being shaken, it was comp etc i 
In this case the blood that staved m the chest for two weeks 
diately on being eliminated from the chest, and apparently in that case, 
we would have been misled if we had taken the clotting as a sign o res 

Dr Art rn In the consideration of this senes of cases, I j,one 

the treatment for larger wounds of the chest wall and lung, as tiere 
of that type Duval and others advocated thorough exploration 
repair of the lung, and removal of the large missiles ni this jy„g, 

cases with bullet wounds that produced small wounds of the cies 

it was not found necessary to explore This distinction is tPe heiiio 

I agree with Dr Lilienthal that one should not attempt to g^pira 

thorax immediately after it has formed It seems logical to tl’‘- 

tion of the hemothorax at this time would increase the lemo 
wound m the lung I have been unable to find definite j],at one 

gradual aspiration of the blood would increase the hemornaoC and d”' 

may safelj'- turn the patient so that the closed w'oun is 
allow the hemothorax to leak out slowh' jeurai cash', Hei''"' 

In regard to the failure of the blood to clot within tie P j,[oocI ron 

and Elliot in a senes of cases during the wmr determine 
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tamed III cl licmotliorax w is reall^ dcfibi mated blood An cwidate from the 

pleura often contaminated the blood and pioduccd the clotting when all the fluid 

was w ithdrawn from the pleural cavit\ I hc\ stated that the blood contains no 
fibrinogen This does not seem to me to hold in all cases In certain cases 
ohsened durinp the war all the hlood contained within the pleural cavite was 
found to be hciuid, and there were no masses of fibrin I do not know how to 
explim this on the hisis of immediate clotting and subsequent defibrination 

Du P N CouM I os New ork The penctiating wounds of the thoracic 
caviti due to small bullets should be distmgished from the large openings of the 
thoracic ca\itv caused be a baeonet, a knife, fragments of shells or trench 
torpedoes, as were those seen during the World World In these cases, because 
of the wide opening of the pleural cavity and the collapse of one lung, asphyxia 

was (m the absence of great hemorrhage) the most immediate danger Survival 

or immediate death depended on the resistance offered bv tbe mediastinum An 
elastic and Melding mediastinum that allowed serious interference with function 
of the other lung was incompatible wath the survival of the w'ounded Plowever, 
during im service m Verdun, France, I saw' a number of cases of unbehevabl> 
wide openings of the chest m w’hich I consider that the survival during trans- 
portation from the battlefield to tbe .idvance ambulance w'as due to the obduration 
of the wound bj the clothes of the wounded or to the tight dressing applied to 
the wound In these cases the only thing to do was to trim the wound rapidly, 
to stop the hemorrhage by tying the bleeding points, even if it were on the lung 
tissue, and to close the cavitj The after-treatment depended on the behavior 
of the w'ound Generally no evacuation of the fluid accumulating in the thoracic 
cavity was done before the third or fourth dav, unless vitally indicated After 
that time, since, as a rule, infection w'O'ild set m, the fluid was tapped and as 
much as possible gradually aspirated In these cases the infections were usually 
anaerobic If the patient survived the first three to five days, empyema general!) 
set m, the management of w'hich was easer than that of anaerobic infection 
Besides these cases, however, I saw', some marvelous recoveries w'lth prac- 
tical!) primary healing 

Another class of wounds that I should like to mention were wounds of the 
lung caused by small splinters of shell or trench torpedoes that exploded a short 
distance from the patient and therefore possessed great momentum In these 
wounds no pneumothorax or even hemothorax of any importance was present 
They appeared to be slight injuries Tw'o or three days later, however, symptoms 
of pneumonitis would develop on the affected side, and the patient would soon 
die with signs of severe general toxemia Postmortem examination would 
disclose signs of deep disorgamration of the affected parenchyma and gas gan- 
grene rapidly spreading around a foreign body that sometimes did not exceed 
the sire of a small pea or lentil 

I mention these cases because they show the extreme variability of the 
different penetrating wounds of the thoracic cavity and because of the possibility 
of standardized therapeutic methods for them I firmlv believe that in the second 
^arletv of cases, after the localization of the foreign bod), the best method is 
to perform a thoracotomy and trim out the wounded lung parenchyma, in other 
words, to applj to the lung the same nrinciples of preventive debridement that 
gave such brilliant results m the treatment for w'ounds of the knee joints and 
of the soft tissue 

On the other hand, I should be extremeh conser\ative in the treatment of 
bullet wounds, although I agree w'lth Dr ‘Mien that the earh e\acuation of 



1172 


ARCHIVES OF SURGERY 


hemothorax, made with caution, is an excellent measure It often prevents the 
development of secondar} infection and hastens reco^er^ 

Dk Howard Lii iexthai , New York I have had some experience with 
gunshot wounds of the chest and other wounds, too There are some things 
that Dr Allen has said with which I cannot quite agree I do agree with Dr 
Allen if he is sure of the kind of injury that the patient has had, but this is 
very difficult A patient mas die of hemorrhage from an intercostal arterj 
that has been wounded Nonintervention in such a case would be serious, 
resulting in death from hemorrhage into the chest Or there may be fatal bleed- 
ing outside which, in the cases such as those illustrated by Dr Allen, might, 
of course, be mistaken for intrathoracic bleeding with external leakage The 
presence of clot in the recentlv exuded blood is a verj important sign and calls 
for immediate intervention 

Y'as the precentage of hemoglobin 60 immcdiatelv after the hemorrhage’ 

Dr Duff A.llen The next dav 

Dr Howard Liliexthal That is perfeeth possible, but I could not con- 
ceive of a hemoglobin reading of 60 per cent immediately after the hemorrhage 
The hemoglobin reading should then be just what it was before the man was 
injured 

Blood pressure readings arc of the greatest importance in these cases in deciding 
on operation 

I do not think that hemothorax should be aspirated, because the intrapleura 
tension tends to hold the lung m compression and maintain closure of the woun ^ 
in the lung if there is one On aspiration the lung is expanded, the pulmonarj 
wound reopens, and the hemorrhage begins again I should rather use arti cia 
pneumothorax than aspiration in cases of this kind 



ETIOLOGY OF PRIMARY BRONCHIECTASIS -> 


DAVID T SHIIH, AID 

R\\ BROOK, N \ 

For the purposes of this papei hi onchiectasis is consicleied piimaiy 
when the ulceiation and dilatation of the bionchial tiee cannot he 
asciibed to any pieceding oi iindei lying pathologic piocess in the 
lungs 01 bronchi Ihus I have excluded fiom considei ation all lesions 
occuning in the couise of tubeiculosis both the tiue tubeiculous 
ulcerations of the bionchial wall and the moie common forms of 
bionchial dilatation seen m chionic fibioid phthisis, in lungs collapsed 
by aitificial pneiimothoiax oi by thoiacoplasty, and m old atelectatic 
lungs The lattei lesions aie usually meie mechanical dilatations due 
to the sti etching and distoition of the bionchi by fibrous tissue, and, 
on section, the bionchial wall is seen to be intact, m contiast to pii- 
maiy bronchiectasis m which ulceiation and destruction of the elastic 
tissue are conspicuous The definition also excludes hi onchiectasis 
secondary to stnctuie of the bionchus due to aneuiysm, neoplasm oi 
foreign body, as well as dilatations caused by fibrous contractions in 
pleurisy, cirrhosis of the lung and uniesolved pneumonia I shall 
disiegard the lelatively laie cases of congenital cystic bronchiectasis 
fii St described by Gi awitz ^ and the more common acute dilatations 
of the bronchioles following infection with B vifliienaac This leaves 
for consideration as pvimaiy oi essential bronchiectasis only those 
cases of nontuberculous ulceration and dilatations of the larger bronchi 
characteiized by a chronic course, distiessing cough, and laige amounts 
of sputum which may be very foul 

Primal y bronchiectasis is analogous to aneuiysm in many respects - 
Both arteries and bronchi are hollow muscular tubes, the mam strength 
of which IS derived from the dense sheet of elastic tissue in then 
walls ^ Arteries cannot dilate until the integrity of the elastic tissue 
layer is destro3^ed by the action of Spu ocJiacta pallida peimittmg the 
foimation of sacculated, cyhndnc or fusiform aneuiysms Similaity, 

From the New York State Hospital for Incipient Tuberculosis 

1 Grawitz, P Ueber angeborne Bronchiectasie, Virchows Arch f path 
Anat 82 217, 1880 

2 This similarity between aneurysm and bronchiectasis was suggested to me 
b^ Dr H A Bray, Superintendent of the New York State Hospital for Incipient 
Tuberculosis 

3 Alackhn, C C Functional Aspects of Bronchial Afuscle and Elastic 
Tissue, Arch Surg 19 1212 (Dec) 1929 
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111 my opinion, the bionchi picsent the sacculated, cylindiic oi fusifoim 
dilatations chaiacteiistic of piimaiy bionchiectasis only after the elastic 
tissue fibers have been weakened and lUjDtuied by the action of an 
anaeiobic gioup of oiganisms nJiich includes among its iiieiiibers 
Ticponcma mici odcutium and 'Jicponcina maci odculium 

In pievious contiibutions ' I Ime shown that Vincent’s angina, 
pulmonaiy gangiene and pulnionai} abscess aie all due to the sym- 
biotic action of the gioup of anaeiobes found in p3 0irhea aheolaiis, 
this gioup includes 7 inu i odcnhitni, T luaci odcuhum S Vinccnti 
S buccoln, fusifoim bacilli, cibiios and cocci In this papei I piopose 
to piesent clinical and expeiimental e\idence to show that the essential 
lesion of piimai}’’ bionchiectasis, i e, the destruction of the elastic 
coat of the bionchus, is caused b\ focal neciosis due to infection with 
this same fusospiiochetal gioup of anaeiobic oiganisms These oigan- 
isms aie constantly piesent m the sputum of active cases of bionchiec- 
tasis and can be demonstiated in piopeil} stained sections deep in the 
tissues of the diseased bionchi With these anaeiobic oiganisms bion- 
chial disease ma} be pioduced m labbits which is compaiable to bion- 
chiectasis m man 

Many obseiveis have noted the piescnce ol spnochetes and othei 
oiganisms of the mouth m the sputum fiom cases of bionchiectasis 
(Leyden and Tafle'’ Rona,"’ Budav,’ Nolf,® Pilot and Davis,'’ 
and Beigei and Smith 11 ) 


4 Smith, D T Experimental Aspintorv Abscess, Arch 

(Jan) 1927, Bronchopulmonaiy Spirochetosis, Am Rev Tuberc 1 " ^ 

Fusospirochetal Disease of the Lungs, ibid 16 584, 1927, (0 

eases of the Lungs, Tubercle 9 420, 1928, Relation of p'yso 

Fusospirochetal Diseases of the Lungs, J A M A 94 23 (Jan ) ’/^i,,Tiin, 

spiiochetal Disease of the Lungs Produced with Cultures from A inceii 
J Infect Dis 46 303 (April) 1930 ^ 

5 Leyden and Jaffe Uebei putiide (fotide) sputa nebst jfcd 

kungen uber Lungenbrand und putride Bronchitis, Deutsches rc 1 


2 488, 1867 , o]iiriin, 

6 Rona Zur Aetiologie und Pathogenese der Plant- Vmcen s 

Arch f Dermat u Syph 74 171, 1905 Fntstebongsve.se der 

7 Buday Histologiscbe Untersuchungen uber die 

Lungengangran, Beitr 7 path Anat u z allg Path 48 , ^ 

8 Nolf, P Fetid Spiiillar Bionchitis and Pulmonary Gangren , 

Med 25 429 (April) 1920 , Spirocliete' 

9 Pilot, I , and Davis, D J Studies in Fusiform Baci 
Their Role in Pulmonary Abscess, Gangrene and Bronchiec as 

34 313 (Sept ) 1924 , ^ freited 

10 Kline, B S , and Berger, S S Spirochetal Pu monar 
with Arsphenamms, JAMA 85 1452 (Nov 7) 19- 

11 Smith, D T (footnote 4, references 1, 2 and 3) 
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In clemoustiating the spnochetes and fusifoim bacilli in the sputum 
fiom cases of bronchiectasis, special caie in the selection of the speci- 
men foi examination is impoitant "J he lesidual sputum from the 
depth of the lungs is the most desnable. so I tiy to obtain the last 
puiulent mateiial that is laised aftei a coughing spell m the morning, 
01 bettei still the last mateiial laised following postuial diainage In 
mail) cases the lesidual sputum will contain spnochetes and fusifoim 
bacilli when chance specimens taken during the day oi even the first 
portion laised dining postuial diainage fails to show these anaeiobic 



Fig 1 — Drawing made from a dark-field preparation of a granule from the 
sputum of a patient with chronic bronchiectasis A indicates T microdentium , 
H, T macrodentium , i)/, S Vincenti, T, S buccalis, U, large fusiform bacillus, 
V, \ibrio 

oiganisms In other cases spnochetes and fusifoim bacilli are found 
in the sputum onl> when the patient is having an increase in symp- 
toms The fusifoim bacilli aie best stained b) either Sterling’s gentian- 
Molet 01 caibol-gentian-Molet The thicker spirochetes S buccalis and 
-S' Eincenti, mac also be seen with the gentian-violet stain, but the 
smaller spirochetes, T mao odcvftmn and T mia odcntium, are gen- 
<-iallj not stained hi this method The> have to be studied b\ either 
the Fontana stain or preferabl) the dark-field apparatus (fig 1 ) 
bmears foi the Fontana stain and wet preparations for dark-field 
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examination have to be made exceedingly thin, otherwise the delicate 
spiiochetes are all hidden by debris ' 

Dining the j^ast five yeais I have had the oppoitunity of studying 
100 cases of nontubeicnlons bionchial disease Bronchiectasis vas 
demonstiated in 60 cases by the injection of iodized poppy seed 
oil 40 pel cent, Spirochetes, fiisifoim bacilli, vibrios and cocci 
weie found in 49 oi 82 pei cent and m every one of the 49 cases 
the iodized oil leveaicd the chai actei istic jiicture of bronchiectasis 
Among the 51 cases in which spiiochetes and fusiform bacilli iveie 
not found in the sputum, 40 showed essentially normal bronchi by the 
injection of iodized oil, while 11 had dilated bronchi The bronchia! 
disease m the latter gioup might hai^e been caused by some other type 
of oiganism oi the chai actei istic anaerobes might have disappeared 
he foie the sputum was examined A spontaneous cure accounts for 
3 of these 11 cases since at the tune of the injection of iodized oil 
theie was no cough oi expectoiation, although there was a history of 

Con elation of Bactci lology and Iodised Od 


41 — Spiroebctc"; nnd fii'sifom bacilli 


Iodized popp 3 1 

ceod oil 40% I 

r G 0 + j 

i 

[ 31 — Xo spirochetes or fusiform bacilli 

in 100 cases of 1 

bronoliinl clisonsc 1 

1 10- 

Xo spirothetrs or fusiform bacilli 


foul sputum piesent ovei a peiiod of yeais In two other cases 
hare obseived the spontaneous disappeaiance of the f iisospiroc le a 
organisms when the patients were tieated by postuial diainage ‘ 
number of patients tieated with both postuial drainage and repea ec 
courses of neoaisphenamine oi sulpharsphenainine the spiiochetes ois 
appeared first, the fusiform bacilli and the vibrios next, and the co 
last Indeed, the cocci often peisist for yeais after the other oib^^^ 
isms are gone and after the patient is in excellent physical 
Bionchiectasis may begin m any one of thiee ways 
nous exudate may form on the suiface of the bionchial j^gj^eath 
to the membrane of Vincent’s angina, and ulceration take place 
this coveiing Chevalier Jackson studied tiNO such cases i 
bionchoscope Moie commonly bi onchopneumonia is jjre 

the anaerobic organisms in which ceitain of the terminal 
filled solidly with exudate These oigamsms then 
wall, destroying the elastic tissue support and produce ro^^ ^ 

In the third type, bionchiectasis develops m the broncii 

-IT ^ 

12 Jackson, C Ulceratne Bronchitis Due to A^incents 
M A 83 1845 (Dec 6) 1924 
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lung abscess is chaining The constant contact of the fusospnochetal 
material with the bionchus final!}’- lesults m infection and ulceration 
This piocess is illustiated in figuie 2 Some of the bionchial mucosa 
cells still show cilia, but the spnochetes followed by fusifoim bacilli, 
vibrios and cocci have penetiated deeply into the bronchial wall To 
the left of the area illustiated, the bionchial mucosa was aheady 
destio}ed, and the organisms were penetiating the elastic tissue layer 
The next stage in the process of bionchial ulceiation is shown in 
figuies 3 and 4 Heie a bionchial lesion haidly larger than the head 
of a pm has ahead} cut entnely thiough and destioyed the integnty 



Fig 2 — Drawing made from the bronchus of a child with a pulmonary abscess 
The sputum from the abscess drained through this bronchus Fusiform bacilli 
and spirochetes are seen invading the wall of the bronchus Levaditi stain 

of the elastic tissue layer The size, distribution and location of the 
lesions determine whethei the resulting dilatation is fusiform, cylindiic 
or sacculated (Fig 5) 

Sections from twelve cases of bronchiectasis ha^e been examined 
for fusiform bacilli and spnochetes The tissues were stained b}' the 
method introduced b} Levaditi for the demonstration of Spu ocJiacta 
palhda Spirochetes and fusiform bacilli \\ere found in eight of 
twehe cases The ones that did not show the organisms were old 
chrome cases of years’ duration Dr Lero} U Gardner of the Saia- 
nac Lake Laboratori gai e me the opportuniti to examine sections from 
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SIX othei cases which weie stained with Goodjiastiiie stain following 
fixation in Zcnkei’s solution Spnochetes cannot be demonstiatecl bi 
this method liut fusifoim bacilli weie found in four of the six cases 
Buda) ' and Pilot, Davis and Shapiro’’ have also demonstrated spiro- 
chetes and fusifoim bacilli in the bronchial wall tissue from cases 
of bionchiectasis 



Fig 3 — Piiotograpli of a small bronchial ulcer Smears from the lesion showed 
spirochetes, fusiform bacilli anti cocci 


-,Y“ ^ 


' 'tv 
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Fig 4 — Photomicrograph of a section of the bronchial ulcer Ussiie 

The mucosa can be seen covering a portion of the surface w 
and muscular layers are completely destrored m the central portion, 


EXPERIMENTS 

In a previous study of experimental pulmonary 
pigs caused by aspiration of f usospn ochetal mateiial, I oise 

13 Pilot, I , Davis, D J , and Shapiro, I J Studies of Fusitor 

and Spirochetes, Am Ret Tuber c 8 249, 1923 
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tions of the bionchi which were not of sufficient extent to be called 
bronchiectasis’^ Allen’’ and Harkavy observed similar lesions in 
the smaller bronchi of dogs infected wnth fusospirochetal material 
Wcidlem and Herrmann ’’ obtained definite ulceration and dilatation 
of the bronchial w all m one dog In fastening cotton soaked wuth fuso- 
spiiochetal material in the bronchi 

In the following experiments I attempted to produce bronchiectasis 
in rabbits by the simple aspiration method, since the clinical data sug- 
gest that this is the route b\ wffiich the anaerobic organisms from 
pyoiihea alveolaiis reach the bronchi Material from three difiterent 
sources was used In the first experiment, scrapings from about the 



Fig 5 — Photomicrograph of a section from an old case of bronchiectasis The 
elastic tissue and muscular lavers are largelj destrored and are surrounded bj a 
dense layer of fibrous tissue , X 10 

teeth of patients wnth moderately severe pjorrhea was emplojed For 
the second experiment sputum from a case of acute fusospirochetal 
bronchitis w^as used Sputum from a case of pulmonary abscess was 
utilized in the third experiment In the fourth experiment control 
inoculations w^ere made wuth pure cultures of (1) Staphylococcus 

14 Smith, D T (footnote 4, reference I) 

15 \llen, D S Etiologr of Abscess of the Lung, Arch Surg 16 179 (Jan ) 
1928 

16 Harkav^, J The Pathogenesis of Asplrator^ Abscess ot the Lung Arcli 
lilt Med 43 767 (June) 1929 

17 )\ eidlein I P, and Herrmann L G Abscess of the Lung E\pcn- 

mennl Stud\ in ChroniciU T A Af A 91 850 (Sept 22) 1928 
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aureus, (2) aeiobic hemolytic ‘^tl eptococci, (3) anaerobic hemolytic 
stieptococci, (4) gieen-pioducing streptococci, fS) an anaerobic strep- 
tothiix, (6) Fiiedlandei’s bacillus and (7) influenza bacillus All of 
these oiganisms weie isolated fiom the sputum of cases of nontiiber- 
culous ixilmonaiy disease 

E\pe!imciif i— A guinca-pig \\as inoculated in the groin with 05 cc of pyor 
rhea material After eight dais the aninial developed a large abscess containing 
thin fonl-smelhng puiiilent material which showed on examination large numbers 
of spirochetes, fusiform bacilli, vibrios and cocci One-fourth cubic centimeter 
of this material -was introduced into the trachea of each of si\ rabbits The 
rabbits w'ere anesthetized, the trachea dissected out and elevated to the surface, 
a 14 gage needle introduced into the trachea, and the material was slowly intro- 
duced with a tuberculin syringe The head of the animal was elevated and the 



Fig 6 — Roentgenogiam of the chest of a rabbit The lungs show^ a saccu 
dilatation by iodized oil 


body rotated so that the purulent material wmuld flow' into the left 

Four days later roentgenograms of the rabbits w'ere made, and all were 

have a shadow' m the low er part of the left lung The same day a ^ jjjiphars 

mg per kilogram) sulpharspheiiamine w'as injected intravenously ^ billed, 

phenamine w'as given with the idea that some of the spirochetes wou 

and the progress of the disease retarded, so that the ulceration 

to the bronchi rather than invade the w'hole lung as in abscess or ® 

One animal died on the fifth day with extensive gangrene o 
One died on the sixth and tw'O on the eighth day' w'lth abscess o 
complicated by empy'ema One rabbit, which lived for fifteen 
mortem injection of iodized oil presented the picture of bronchial "all’ 

necropsy, there W'ere extensive ulceration and destruction o ^ demoa 

and the characteristic fusospirochetal combmation of a coiapk“^ 

strated in smears made from the lesion The sixth ra 


recovery' 
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Expciimcnt 2 — guiiiea-pig was inoculated in the groin with sputum from 
a case of acute bloody bronchitis, which contained large numbers of spirochetes, 
fusiform bacilli, vibrios and cocci An abscess appeared m six days, and pus 
from this, in amounts of 0 25 cc was injected into the trachea of six rabbits as 
in experiment 1 Roentgenograms showed shadows in the left lung of all the 
animals on the fourth day when they were given sulpharsphenamme intravenously 
(15 mg per kilogram) A second dose of sulpharsphenamme was given two 
days later 

Two rabbits died on the seventh day with pulmonary gangrene, one died on 
the ninth day and one on the twelfth day with abscess and empyema The 
last two rabbits died on the sixteenth and twentieth days, respectivelj , and 
bronchiectasis was demonstrated by both postmortem injection of iodized oil and 



Fig 7 — Photomicrograph of multiple dilatations of the bronchi of a rabbit 
infected with fusospirochetal material, X 10 

necropsy (fig 7) Fusiform bacilli, \ibrios and cocci were found in smears from 
the lesions, but no spirochetes The spirochetes uere probably killed bj the 
arsenic therap 3 

Experiment 3 — In this experiment an attempt nas made to increase the 
resistance of the rabbit bv mtraienous injections of hcat-killed abscess material 
Sputum, containing spirochetes, fusiform bacilli, vibrios and cocci from a case of 
pulnionarj abscess was injected into tbe groin of a guinea-pig Some of the 
purulent material from the experimental abscess nas heated in a uater bath of 
60 C for one hour, and then cultnated anaerobicalK to demonstrate the stenlit\ 
Ten rabbits receued m the ear lein 0 25 cc of this material m 1 cc of saline 
solution A. second and third injection were gnen at weekh interials A week 
after the last injection, 0 25 cc of the Inmg fusospirochetal material which had 
been kept alne b^ transfer from pig to pig at eight to ten da\ inters als, was 
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introduced into the traclieT as in experiment 1 Roentgenograms of the chest 
made four da}s later, showed some evidence of disease m eight of the ten animals 
Either the infecting organisms liad lost some of their virulence, or the rabbits 
had acquired a considerable degree of resistance, for the animals all recoiered 
wnthin tw^o weeks 


The ten rabbits weie then rcinociilated intratrachealh w'lth 05 cc of fusospiro 
chetal materia! On tlie fourth da\ after inoculation, roentgenograms of all the 
animals showed extensne infection of the left lung On the same da\, each rabbit 
was given a dose of sulpharsphenamine mtra\cnoush (15 mg per kilogram) 
Tw'O rabbits died of pulinonar} gangrene on the fifth daj and tw'o others on the 
sixth dac The sur\i\ors were guen another dose of sulpharsphenamine on the 
sixth day I hree other animals died of pnhnonarj abscess between the eighth 
and tenth dajs of the expeinnent 

The shadows m the sure i\ mg rabbits graduallj cleared oernr a period of two 
months, as dcmonstiated be the roentgenograms One animal recoemred entirel) 
The other tevo presented bronchiectasis eehich could be demonstrated in the In mg 
rabbit eeith injection of lodircd oil The animals evere killed, and the diagnosis 
confirmed at necropsj 


E\ pc) imcnl 4 — a control to the foregoing experiments each of two raboits 
receie^ed intratrachealle a saline suspension of one fourth of the total growdli of 
a pure culture of Stapliyloioccw! aiiicuK from a blood agar slant, the total growth 
from two blood agar slants of a pure culture of an aerobic hemoljtic strepto 
coccus, the total grow'th from two blood agar slants of a pure culture of an 
anaerobic hemohtic streptococcus, the total grow’th from tw'O blood agar slants 
of a pure culture of a grccn-producing streptococcus , total growth from a oo 
agar slant of a streptothnx, and the total growth from two blood agar slants 
of a pure culture of B mflucncac Five labbits received intratracheallv one our i 
of the contents of a blood agar slant of a pine culture of a Fnedanders baci us 
On the fourth dav all seventeen animals showed evidence of disease in Ee 
roentgenograms, but w'lth the exception of three of the fiie that recene 
Friedlander’s bacillus, all the rabbits had normal lungs at necropsy t ree wee^^ 
later No permanent damage was produced m the bronchi by any of t ese 
types of organisms 


COM MCNl 

The influenza bacillus is picsent in a ceitain peicentage 
of bionchiectasis, and some aiithoiities assume that it is the es 
cause of the disease Dining the last great epidemic, Opie, i" 
Blake, Small and Riveis,^® found influenza bacilli producing 
bronchiectasis of the teimmal bronchi m patients dying o 1 
enzal pneumonia Latei Blake and CeciD® of ^ 

lesions 111 monkeys that had been infected with ptue ^ 

wfluencae It has, how''eA'ei, nei'ei been conclusively pro'' 
‘infi'nenaae can destioy the elastic tissue of the laigei bronci 

“ It T C 31^^ Rn 

18 Opie, E L , Freeman, A W , Blake, F G ’ 2^) 

T M Pneumonia Following Influenza, JAMA? Pneunioi”’’ 

19 Blake, F G , and Cecil, R L Nine Studies on Expenmen a 
T Exper Med 32 691, 1920 
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the woik of Gaivin, L}aII and Moiita-" shows that this oiganism can 
pioduce a chiomc bionchitis woth model ate dilatations ot the bion- 
chioles, I am not convinced that the influenza bacillus can initiate the 
t}pe of bionchiectasis discussed m this papei 

On the basis of etiology, theie is no sharp line of difiei entiation 
betw^een pulmonaiy gangiene, ptilmonaiy abscess and bronchiectasis 
My experience confirms the opinion of \Vhittemoie that eveiy case 
of bronchiectasis piesents more or less involvement of the parenchyma 
Exactl} the same combination of anaeiobic organisms that appears to 
be the cause of p}orrhea alveolaris is found m pulmonary gangiene, 
pulmonaiy abscess and bronchiectasis In the fiist experiment lecoided 
material tiom p3orihea alveolaris w'as used in the second, sputum 
fiom a case of fusospirochetal bionchitis, and in the thud, sputum 
fiom a case of pulnionai) abscess The same combination of anaerobic 
oiganisms was present in the mateiial fiom the thiee souices and it 
was found that some rabbits m each groig) developed gangrene, some 
abscess and some bronchiectasis 

SUMM\RY \KD COXCLOSION 

The essential lesion m piiman bionchiectasis is a focal neciosis 
of the elastic tissue in the bronchial wall due to infection with the 
iusospirochetal gioup of anaerobic oiganisms This fusospirochetal 
gioup, comprising T maci odenhum T inio odenituni, S Vuicenti, 
S huccahs, fusiform bacilli, vibiios and cocci, are the same oiganisms 
that are tound in pyorrhea alveolaiis, Vincent’s angina pulmonai} 
abscess and pulmonai) gangiene 

These organisms ha\e been seen in the sputum of foity-nme ot 
sixty patients pioved to have bronchiectasis by the iodized oil test 

Spirochetes and fusiform bacilli weie found m sections of bron- 
chial dilatations aftei staining by Levaditi’s method in eight of twche 
cases wdnch came to necrops) Fusifoim bacilli weie demonstrated 
in pathologic sections fiom font of an additional six cases of bion- 
chiectasis after staining by Goodpa'^ture’s method 

In animal expeiiments, fusospnochetal material from \aried 
"'Omces (pyorrhea alveolaris, tusospirochetal bionchitis and pulmonary 
abscess) caused bionchiectasis as well as pulmonai) abscess and pul- 
monar) gangrene in labbits 

■20 Gar\in A H L\all H \\ and Monta, M Chronic XontiiberculoiiN 
Lime: Infection \m Rc% Tuberc 1 16 1917 

21 )) hitteniore \\ The Treatment ot Chronic Broncho- Puhnonar% ‘^np- 
puratue Lc^.ioik Limited to One Lobe o* the Lung Xew England I Med 199 
1213 192S 
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Conti ol inoculations with pme cultures of (1) Staphylococcus 
mucus, (2) aeiobic hemolytic stieptococci, (3) anaeiobic hemolytic 
stieptococci, (4) gieen-pioclucing stieptococci. (5) anaeiobic strepto- 
thiix, (6) Fiiedlanclei’s bacilli and (7) influen/a bacilli failed to pro- 
duce damage to the bionchi 

The fusospiiochetal gioup of oiganisms is piobably the cause of 
primal y bionchiectasis 

4BSJRAC1 OF DI'^CUSSION 

Dr F T Lord, Boston Ivfuch credit is due Dr Smith for liis painstaking 
work m this difficult hactenologic field In both the postoperative group of patients 
with abscess of the lung and the group on which operation had not been performed, 
the disease arises so freciuentlv apart from lobar or obvious bronchopneumonia 
as to suggest that it is not an accident of resolution but an independent condition 
Ingress into the deepet pai ts of the respiratorv tract of infected material from 
above is to be regarded as the chief cause of pulmonar 3 " abscess It is largelv 
as a lesult of Dr Smith's invtstigalion>> that increasing attention has been paid 
to spirochetes and fusiform bacilli as a cause ot abscess of the lung As he has 
pointed out, the bacterial flora of abscess is that of the tonsillar crypts and the 
teeth, and the same assortment of organisms, including spirochetes, fusiform 
bacilli, cocci and vibrios, obtains in postoperative and iionoperative abscess Animal 
experiments suggest that not one organism alone is the cause, but that sjnibiosis 
IS essential for the production of abscess Bacterial association favorable to the 
multiplication of certain organisms in culture mediums has long been noted an 
may be necessarv for the production of pulmonary abscess, but the necessity 
the introduction of this principle and the mabihtv to establish the presence 
these organisms in all cases of abscess make it inadvisable to accept vvi wu^ 
question their etiologic relation with the disease It may nevertheless ® ^ 
that from his work certain cases of abscess and bronchiectasis are known pro a 
to be due to these organisms 

Bronchiectasis, from a pathologic point of v'lew', is uncommon and onl^^^^ 
merits an inclependent position It usually' arises under conditions t at ^ 
desirable to regard it as a relatively unimportant complication in the 
bronchopulmonary disturbance The pathologic process m the lung is 
much more important than the bronchial dilatation Roentgenologic m 
are largely responsible for the frequency and undue importance 
condition climcallv, and it seems unfortunate that the term is so ree v ^ ^ 

Dr Carl A Hedblom, Chicago I was particularlv interested 
paper because of the light it throws on the etiology of most 

clinical studies we recognize a v'ariety of causes for this con i . ’ 
important of which are the acute infectious diseases of childhoo atelecfa'' 

occurring at any age and the various conditions that result in perin phthisi'^ 

and those that produce an extensive fibrosis of the lung, me u ^ con- 

In a considerable proportion of cases the cause cannot be^ e e^^ con 

siderable proportion of these cases of indeterminate of 

genital Sauerbruch has expressed the opinion that most o aspiration’ oi 

involvement are congenital I am inclined to the opinion ^ „j a lar-*- 

such organisms as Dr Smith described may be the determmi ^ 
proportion of the cases of indeterminate etiologv 
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With regard to pathologic changes, I cannot quite agree with m 3 good friend. 
Dr Lord Necropsy m cases of long duration and in patients who died of com- 
plications would naturally be expected to show pulmonar} involvement m large pro- 
portion We see many patients, however, who presumabty have had bronchiectasis 
for many 3 ears, who have no outstanding symptoms except cough and sputum 
and who remain in fairh good health Ph 3 Sical examination shows onty a few 
rales, and roentgenograms show little or no evidence of pathologic processes in 
the parench 3 'ma of the lung Pathologists usualh do not see these cases until 
complications have developed 

One of the practical conclusions that we ma 3 draw from Dr Smith’s investi- 
gation is the importance of preoperalive prophylaxis of the mouth and throat 
and of treatment with arsphenamine in cases in which vve have reason to believe 
that spirochetes are among the intective organisms 

Dr C M Vvjs Allex, New Haven, Conn Dr Smith is to be congratulated 
on his work, because, beginning with his paper presented two or three vears ago 
before the Societv', it represents the mam work that has fixed this spirochetal 
disease as one of the mam factors m chronic suppurative diseases of the lung 
Following that paper his work has been corroborated, of course, b 3 Hedblom 
and many others m every respect that he indicated 

There is one point in which I do not quite agree with his conclusions, and 
that IS merel 3 an academic issue, a question of terminologv I object to calling 
spirochetal disease the cause the etiolog 3 , of chronic abscess of the lung and 
of bronchiectasis just because it happens to be found m a high percentage ot 
cases I am sure that Dr Smith would not sav, for instance just because he 
found 60, 70 80 or 90 per cent of all tonsils chromcallj diseased infected with 
spirochetes that spirochetes were the cause of tonsillitis I think the stand to 
take IS that the spirochetal disease is a secondarv contaminant and that it is 
responsible for the disease, that is, for the chronic stages of the disease 

Dr Hedblom has pointed out that in most cases there is probablj a lesion in 
the bronchial tree to start with, a locus mmoris rcsistentiae, so to speak, on which 
the organisms can implant themseHes and proceed to destrov the bronchial tree 
still further to cause the exacerbations We pointed out that thej appear m the 
exacerbations 

He has chosen a rather unfortunate animal for his experimental work 
because the rabbit is verj susceptible to spirochetal disease In the rabbit the 
introduction of spirochetes is quickh followed bv necrosis and destruction ol 
the tissues The dog represents a different picture In the dog it is difficult to 
produce a bronchiectasis or an abscess a chronic lesion, of the virgin lung bv 
means ot spirochetes \\'e have been able to produce chronic lesions with the 
spirochetes in the dog but onlv after we have produced a locus minons resis- 
tentiae, an acute abscess, or some other lesion bv burning the bronchus before- 
hand and then implanting the organisms on that lesion I think that that is 
the mam issue The bacteria form a verj important part ot the disease but 
thev represent a secondarv contamination and are the means bv which the 
diseases are mainlv propagated 

Dk Dwin T Smith Rav Brook X \ The point Dr Lord brought up is 
a pertinent one and I think I can illustrate what I wish to sav much better 
than 1 can describe it I have been engaged tor lour vears in an attempt to 
isolate all the organisms involved in abscess ot the lung and bronchiectasis and 
to recombine them so as to determine the combination ntce-sarv to reproduce the 
disease 
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The slide shown is an illustration of a culture of T man odenfiitin I haie 
also isolated a few strains of the larger 7 iiiaci odentium These organisms ni 
pure culture are absolutely harmless to animals 

The next slide is that of a pure culture of the large fusiform bacillus I haw 
isolated a numbei of strains of this and scicral small forms of fusiform bacilli 
I have isolated several cultures of the vibrio In one culture I must bare 
had something wrong with the salt content of the medium, for all the flagelli 
became hj pertrophiec! to such an extent that the\ could be seen readilv witli the 
dark-field apparatus 

I found a number of dififcrcnt kinds of cocci in these cases of abscess and 
bronchiectasis The cocci produce simple pvogeme lesions when introduced into 
animals 


The vmiious combinations of these organisms were tested Neither spiro 
chetes nor fusiform bacilli alone produced disease The combination of the two 
likewise failed to produce disease AVith the anaerobic heinoljtic streptococcus, 
a little pus developed m the groin of a gumea-pig, but no necrosis and no foul 
odor When the vnhno was added to the streptococcus, a much more extensile 
lesion was obtained, but still no necrosis and no odor The addition of the 
fusiform bacillus to the coccus and the vibrio resulted m a small amount oi 
necrosis, but no odor The addition of tlic spirochetes to the coccus, vibrio and 
fusiform bacillus gave a severe lesion with extensive necrosis and foul odor The 
resulting disease could then be transferred from pig to pig almost mdefimtely 


That, of course, brings uj) the cpicstion which is m everybody’s mmd as to 
whether these spirochetes arc sccondan iinmdcrs The spirochete is not secondan 
to the others It is a concomitant rather than a secondary iniection, that is, tie 
spirochetes and fusiforins, vibrios and cocci all go down togetlier into the lungs 
Aspiration of the cocci alone results m a simple pyogenic infection of the uUoS 


As Dr Hcdblom has pointed out, bronchiectasis does at times 


follow (1) 3CUtt 


infections of childhood, (2) pneumonia and (3) aspiration of foreign bo 

Ilf/Ml/ Inr»/-f C 1 O 1C O e'en cf-1 11 #- Crtclll/nl#! Ill f-Olld 1 1 1 OllS. SO it IS lUOTC O 


bronchiectasis is not a constant sequela in these conditions, so it is u 
to suppose that onlv those patients clev’clop bronrhiectasis who are so 
as to aspirate some of the anaerobic oigamsms from the mouth during ic 
of the disease Congenital bionchiectasis, of course, is a possibility, 
that I cannot agree with Sauerbruch that it is a common observation 
encountered rarely in routine necropsies on infants I am afraid aue 
not distinguished clearly between congenital bronchiectasis anc 


beginning in early childhood as an infectious process ^g,rard to 

I heartily agree with the two points mentioned bv Dr orgaui'a'i' 

treatment If this wmi k means anything at all it means t lat die 

present in pyorrhea have something to do with bronchiectasis, dicw 

lung and gangrene The best method of preventing them is j, ol 

organisms getting into the lung Persoiiallys I feel that cases 1” 

some value m all cases of bronchiectasis and of great value m^c ctiH 

the last five years, we have found a number of Tliv'^oostural 

under observation, in which excellent results were ob ame dirce 

and arsenic therapy The patients were given postural craiuao^^^^^ .^\cre 
to SIX months before treating them with arsenic, so that t ,irseni^ tlienP' 
to get well by posture drainage alone could be eliminate 


was added and a number made a spectacular recov^erj # # \ e 

I am glad Dr Van Allen brought up the question of rabbit n 

of the rabbit and the dog to these organisms It is true 



SMITH— PRIMARY BRONCHIECTASIS 


1187 


susceptible than the dog, but man also is \ery susceptible, and in this respect 
may be more like the rabbit than the dog On the other hand, the dog is not 
completely resistant since abscesses have been produced m dogs with these 
organisms bv Dr Van Allen himself, bv Duft Allen, Crowe and Scharff, 
Johannides and Hedblom, Harkevj, and Widelem and Schleuter 

Atelectasis is a factor m the development of certain cases of abscess and 
bronchiectasis, as Dr Coryllos has pointed out These arc anaerobic organisms 
and do not readilv survive on the surface of the bronchus, that is, thev cannot 
Ine on the surface of a bronchus as a streptococcus or an influenza bacillus can 
They either disappear completely and lea\e no disease or they invade deeply 
into the bronchial wall, w'here the\ destroy the elastic tissue and produce a 
bronchiectasis 



CHANGES IN THE PULMONARY CIRCULATION INDLCPD 
BY EXPERIMENTALLY PRODUCED ARTERIO- 
VENOUS FISTULA 

JOHN H GIBBON, fu, MD 
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EDWARD D CHURCHILL, i\I D 
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The alteieci hemoch namics of the piilmonaiy ciiculation in lebponse 
to an inciease in the volume flow of l)lood haAe been subjected to 
expeumental obseivation thiougli seveial diffeient methods The most 
direct studies have been made with a Stalling heait-lung pieparatioiH 
01 a modification theieof - In these piepaiations the lung is a suiviving 
oigan isolated fiom anv jDOssible contiol by the cential neivous system, 
and deductions as to the state of afians m the intact oiganism are lo 
be diawn with caution Ligation of one bianch of the pulmomn arten 
has been emploted as a de\icc to inciease the volume flow in the con- 
tialateial lung, ‘ but this method also has its obvious limitations 
M'lggeis * augmented the venous letmn to the heait by the intiaveiioiis 
injection of saline solution, again a method that is at variance with noi- 


mal physiologic occuiiences 

In the expel iments heiewith lepoited the venous letiiin to the heau 
and consequently the volume flow of blood thiough the lungs have been 
inci eased expeiimentally b} the opening of an arten ovenoiis fistua 
inseited in the s}stemic ciicuit This piocediiie has been earned out 
on noimally bieathing cats and closely simulates as fai as volume ow 
IS concerned, what happens when a pieviously lesting peison un er^ 
takes model ate exeicise In contiast to what occurs in exeicise, 
maj- be pointed out that the establishment of an ai tci lovenoiis st^^‘ 
entails a slight fall lathei than a use of piessuie in the systemic ciici 


1 Fulmer, H and Starling, E H Experiments on the Pulmonari 
tion, J Ph>siol 47 286 1913-1914 

2 Drinker, C K , Cliurcliill E D and Ferrj R M The A^olume o 
in the Heait and Lungs Am J Phvsiol 77 590, 1926 

3 Churchill, E D The Eftect of Increased Blood Flow gg 

Between Oxygen Consumption and PuhnonarAr Ventilation m pdJiriona''' 
274,1928 Haggart, G E , and Walker, A M The Physiologt 
Embolism as Disclosed by Quantitative Occlusion of the Pu p 

Surg 6 764 (May) 1923 Scarff J E Pulmonary Blood 
Experimental Study, Arch Surg 12 591 (Feb ) 1926 

4 Wiggers, C J Observations on the “Effective Pressn 
and Left Auncles, Am J Physiol 33 13, 1914 
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and, secondly, that the blood leturning to the lungs is richer rather than 
poorei in 0x3 gen and pi esumabl}^ has a 1 educed rathei than an increased 
content of lactic acid The fall in aoitic piessure lesults from the dimi- 
nution m peiipheial lesistance occasioned by opening the fistula This 
loweiing of the aoitic piessuie undoubtedl)’’ diminishes the fi action of 
the total caidiac output that 1 etui ns to the light side of the heart after 
tiaveising the coionai}’’ cnculation ^ In the experiments to be desciibed 
the volume of blood actuall}'' flowing thiough the lungs has been detei- 
mined by the Fick method,® and any change 111 the coronary fi action 
hi ought about by the fall in systemic pressure need not be considered in 
the calculations That model ate vaiiations in aoitic pressure pioduce 
no “back pressuie” effects thiough the pulmonary circuit on the pulmo- 
naiy aitei}" pressure has been shown b}'^ Anrep and Bulatao ° in heait- 
lung prepaiations and confirmed b}' Katz and Wiggers’’ in the intact 
animal 

The ai tei lovenous fistula has been used in these experiments solely 
as a method of increasing the venous return to the heait The numerous 
phvsiologic effects of such a fistula have been admiiably studied by 
several woikeis,® but no expeiiments are lecorded that deal with the 
effect of such an anastomosis on the pulmonar}" circulation 

METHOD 

Drinker lieart preparations ® were made m cats anesthetized with sodium 
barbital Cats so prepared breathe naturally with the heart exposed in an open 
pericardium sutured to the wall of the chest A diagram of the complete prepara- 
tion IS shown in figure 1 The tracheal cannula was connected with a closed 
oxygen metabolism system containing sensitive valves (H), a spirometer (G) 
and a soda-lime chamber (/) The excursions of the spirometer were recorded 
on the kymograph (C) and gave a direct indication of the consumption of oxygen 
Blood samples were taken by right and left ventricular punctures, which maj be 
carried out under direct vision as the heart is fully exposed 

5 Anrep, G V , and Bulatao, E Observations on the Pulmonary Circula- 
tion, J Phvsiol 60 175, 1925 

6 Pick, quoted by Dock, W , and Harrison, T R The Blood-Flow Through 
tl e Lungs in Experimental Pneumothorax, Am Re\ Tuberc 10 53^^, 1925 

7 Katz, L N and Wiggers, C J The Influence of High Sistemic Blood 
Pressures on the Right Ventricle and Pulmonary Circuit, Am J Phvsiol 82 91, 
1927 

8 Holman, Emile Experimental Studies m Arterio\ enous Fistulas I 
Blood Volume Variations, Arch Surg 9 822 (Xo\ ) 1924 Holman, Emile and 
Kolls, AC H Pulse and Blood Pressure Variations Arch Surg 9 837 
(Ko\ ) 1924 Holman, Emile III Cardiac Dilatation and Blood Vessel Changes 
'^rch Surg 9 856 (Xoe ) 1924 Lewis, T and Drury, A X' Obscr\ations 
Relating to \rtcrio-Venous Aneurisms I and 11, Heart 10 301, 1923 

9 Drinker, C K A. L'seful Heart Method J Exper Med 33 675 1921 
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The pressure in the carotid artery (A) was recorded by a mercury manometer 
(jS) The pressure iii the pulmonary artcrj was obtained by using a special 
cannula (E) inserted directly into the mam stem of the artery just beyond the 
valves Xt -^vas connected through a saline system with a manometer (F) har- 
ing an eJitremely light cork float so lliat pressure excursions ivere written i^iredh 
on the kymograph m centimeters of saline solution 

The arteriovenous fistula was established by the use of a specialh blown double 
glass cannula (-D), tiie apertures of which wcic tied into the femoral arterj and 
vein in the groin Opening .ind closing of the fistula were readilv accomplished 
by removing and reappljiiig delicate artery clips A saline wash bottle attached 
to the cannula enabled it to be filled before the start of the experiment and fiusiied 
out frequentlj m older to aroid the clotting that occurred at times despite the 
fact tliat heparin had been given intravcnouslj 



Fig 1 — Diagram of apparatus, showing A, cannula m the caroti arterj > > 
mercury manometer, C, kymogiaph, D, double glass cannula m femora ar^^ 
and vein , E, cannula in pulmonary artery , F, saline manometer , G, Ixrog i sp 
eter , H, inspiratory and expiratory valves , /, soda- lime chamber 


idiich determine' 


exteiiia' 


PROTOCOL 

The followutg IS a jiiotocoi of an ex}jenment in wi 
tions of the blood flow weie made 

E\pciimcnt 14 (March 21, 1930) — ^Weight of cat, 3 69 Fh 

10 20 a m Anesthesia induced with chloroform and ether 

10 31 a m 8 cc of 10 per cent sodium baihital injected into 

jugular vein Ether discontinued 

10 37 a m Cannula inserted into left carotid arterj'' 

10 39 a m Blood pressure, 144 mm of mercurj' 

10 43 am 2 cc of sodium barbital injected mtravenouslj 

r- w A Nen 

10 Swift, W E , Haggart, G E, and Drinker C K ^29, 

Measuring the Pressure m the Pulmonarj'' Artery, J 



c 


GIBBON-CHDRCHILL—PULMONARY CIRCULATION 1191 

10 47 am Artificial respiration started for Drinker heart preparation 

11 17 am Artificial respiration discontinued Heart preparation complete 

Animal breathing natuially 

11 24 am Double cannula (arteriovenous fistula) tied m left femoral artery 
and vein 

11 25 a m Tracheal cannula connected with metabolism system 
11 27 am Rate of oxvgen consumption determined 
11 34 a m Blood sample taken from right ventricle 

11 35 am Blood sample taken from left ventricle 

11 50 am Cannula inserted into pulmonary arterv 

11 55 am Approximately 100 mg of heparin m 10 cc of saline solution 

injected into femoral vein 

12 09 pm Carotid arterj pressuie, 116 mm of mercurj Pressure in pul- 

monary artery, 18 8 cm of saline solution 
12 10 p m Arteriovenous fistula opened Carotid artery pressure, 98 mm of 
mercurjf Pressure in pulmonary artery, 20 5 cm of saline solution 
12 11 pm Arteriovenous fistula closed and washed out 

12 19 p m Arteriovenous fistula opened Consumption of oxj-gen determined 

12 20 p m Arteriovenous fistula closed and washed out 

12 27 pm Arteriovenous fistula opened 

12 28 p m Blood sample taken from right ventricle 

12 31 p m Blood sample taken from left ventricle 

Experiment ended Rectal temperature constant at 39 C throughout the 
experiment 

RESULTS 

The lesults obtained in expeiiinent 14 weie as follows 

Before opening arteriovenous fistula 

0x1 gen consumption = 30 8 cc per minute 

Oxvgen capacity of arterial blood = 16 56 per cent by volume 
Oxrgen content of arterial blood =15 01 per cent by volume 

Oxj'gen content of venous blood = 6 62 per cent by volume 

Difference m 0x3 gen content = 8 39 per cent by volume 

Calculated rate of blood flow (Fick) = 367 cc per minute 

With open arteriovenous fistula 

Oxvgen consumption = 32 7 cc per minute 

0x3 gen capacity of arterial blood =13 81 per cent by volume 

Ox\gen content of arterial blood = 13 58 per cent 63 volume 

0x1 gen content of venous blood = 7 96 per cent 63 \olume 

Difference m oxygen content = 5 62 per cent bi i olume 

Calculated rate of blood flow (Pick) = 584 cc per minute 

Increase m blood floi\ = 217 cc per minute or 59 per cent 

The piessuie in the pulmonait aiteri was determined fifti -three 
times in seienteen expeiiments both before and after the arteiiovenotis 
fistula was opened Theie was miariabh a slight rise m pressure on 
opening the fistula and a tall to the preMOUS lei el on closing Ihe 
aierage rise in pressuie iias 17 cm of saline solution The smallest 
increase was 0 6 cm and the greatest increase 3 cm 
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Figuie 2 IS a kymogiaphic tiacing showing the effect of opening 
the aitenovenous fistula on the systemic and piilinonaiy ai tery pressures 
and on the piessuie in the left auncle A cannula inseited into the 
left auncle was connected with a wide boie saline inanometei at the 
top of which was a small Biodie bellows lecoidei The upper tiacing 
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A tr3cnio ^ ^ 

Fig 2 — Kymographic tracing from experiment 21, showing > ^ pulmona''^ 
auricular pressure calibrated in centimeters of saline solution, millimeters 
artery pressure in centimeters of saline, C, carotid artery pressure ^ 
of mercury, D, time in 5 second intervals, E, signal ;vas closed 

between the femoral artery and vein was opened At 2 the sfu a i 

(A) shows the pressure changes in the left auncle oi 

of centimeters of saline solution The middle tiacing ^ coin 
the pressuie in the pulmonai)'’ aitei}'", also in centimeters 
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tion The lowei tiacing (C) is that of the s)sternic blood pressuie 
lecorded in millimeters of mercur)'’ At 1 the fistula between the 
femoral artery and vein was opened, and at 2 closed ^Vhen the fistula 
was opened, there was a fall of 10 mm of meicury in the systemic blood 
piessure, a rise of 3 cm of saline solution in the pressure in the pul- 
monary artery and a rise in left auiiculai pressuie of 0 7 cm of saline 
solution 

In fii'^e experiments complete determinations of the blood flow ivere 
made The lesults aie tabulated in the accompaming table It is evi- 
dent that the circulation lates aie below the normal resting levels for 
cats of similar weight that hare not been subjected to opeiation This 
mai be attributed to the loss of blood attendant on the operation and 
the exposuie of the heait to atmospheiic piessuie The inciease m the 
volume flow of blood thiough the lungs on opening the ai teiiovenous 


Results of Complete Defei minatioiis of the Blood Flozv 
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fistula lanes between 24 and 59 per cent in the different cats The rise 
in piessuie in the pulmonan aiteiy is of slight magnitude in compari- 
son, 1 aiding between 5 and 12 per cent If the lesistance in the pul- 
monaiy ciicuit weie constant an increased blood flow through the lungs 
would cause a pioportionate increase m piessure in the pulmonart 
aitei} That the use in piessure in the pulmonary artert m these 
expenments was slight and b} no means proportional to the increase 
in volume flow of blood indicates a decreased resistance in the pulmonar\ 
cii cuit How such a decrease in i esistance is brought about has not been 
demonstrated It ma\ be attiibiited to the passne dilatation of the 
^ascular bed of the lungs or to opening of nev pathna\s in response to 
the inci eased head of piessuie It is also possible that some mechanism 
exists that bungs about an actne change in the tonus and caliber of the 
pulmonar^ Aessels 

The conditions inheient in the experimental method emplo\ed gne 
assuiance that the deci eased i esistance of the pulmnnari circuit in these 
expenments cannot be due to the chemical changes m mixed ^enolls 
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blood which occui duiing musculai activity The arteno\enous com- 
munication simulates exeicise by mci easing the volume flow of blood 
thiough the lungs, but pai adoxically changes the chemical composition 
of mixed venous blood in a dnection opposite to the changes brought 
about by musculai activity The lesults of these experiments suggest, 
theiefoie, that the pulmonai} ciicuit adapts itself to an increased volume 
flow of blood by a use in pressure in the pulmonary artery and a lower- 
ing of resistance m the pulmonai y vascular bed It seems probable that 
the latter is a passive phenomenon 

SUMMARY 

An alter lovenous fistula m the systemic circuit has been used as an 
experimental method for increasing the volume flow of blood thiough 
the lungs of noimallv bieathmg cats Deteiminations of the blood flow 
and measurements of pressure in the pulmonary artery have been made 

In five experiments, the volume flow of blood through the lungs 
increased from 24 to 59 per cent on opening the aiteiiovenous fistula 

The piessuie m the pulmonai} aiteiy invariably showed a slight rise 
on opening the fistula 

The slight increase in pressure in the pulmonary artery associated 
with a considerable increase m circulation rate suggests a compensator) 
lowering of resistance in the pulmonary circuit 

ABSTRACT OF DISCUSSION 

Dr John H Gibbon, Jk , Boston I am glad that Dr Cor^lIos spoU 
Dr Wearn’s work on tlie capillaries of the lung We have not, ot 
this experimental study, determined how the decrease m pulmonarj 
occurs, 1 e whether it occurs b}' the opening up of new capillaries or } 
ation of the pulmonary arterioles 



OBSTRUCTIVE PULMONARY ATELECTASIS 

PROBLEMS or PATHOGENESIS AND CLINICAL MANAGEMENT * 

C j\I VAN ALLEN, MD 

PEIPING, china 
AND 

G F LINDSKOG, MD 

NEW HAVEN, CONN 

When bionchial obstiuction develops, as by accumulation of mucus 
fiom inflamed membranes, and evacuation fails, the air imprisoned m 
the lung is absoibed and atelectasis results This has been demonstiated 
by repeated and well controlled observations in man and in expeii- 
mental animals Methods of pievention and tieatment aim to free 
the lowei airways from mateiial by stimulating the natuial expelling 
forces or by instiumentation and to aeiate the lung with deep bieath- 
mg Thus the theoiy of the pathogenesis and clinical management of 
obstructive pulmonaiy atelectasis is cleai on the face of it 

When the phenomena are examined in detail, howevei, they appeal 
complicated and confused Opposite effects may lesult fiom ciicum- 
stances that are seemingly identical, and this may occui in the same 
individual simultaneously m separate parts of the lungs Conti adictoiy 
results are seen especially in the action of cough on bodies obstiucting 
the bronchi and m collapse of the lung after obstruction Thus, cough 
may or maj not raise the secietions, and may even diive them farther 
into the lung, complete bionchial blockage leads quickly to atelectasis 
on one occasion, and produces no reduction of the pulmonary air con- 
tent on another 

Our purpose m this paper is to reMev the experimental and clinical 
data of obstructive atelectasis so fai as necessary to set foith gaps and 
inconsistencies, and then to indicate a solution to some of these prob- 
lems by refeience to a principle of respirator) function that we hare 
demonstrated recently 

It will be necessaiy, fiist, to define and explain certain terms to be 
used 

Atelectasis refers to an airless state of the lung vith collapse of the 
alveoli No reference is implied to consolidation b) replacement of air 
vith exudate, transudate or other substance” Obstructive atelectasis, 

*From the Department of Surger\ A ale Unncrsit\ School of ^ledicine 

1 Van Allen C Lindskog G and Richter H Yale J Biol S. Med 
2 297 1930 work read\ for publication 

2 The more mclusne term apneumatosis used b\ Cor\lIos fPostoi>crati\e 
Apneumatosis [Atelectasis] and Postoperatne Pneumonia, T A M A 93 98 
[Tuh 13] 1929') carries these implications 
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alieady defined, is distinguished from the compiessive type, m which the 
aheoh are collapsed b} piesstue from without, and the fetal type, m 
which theie is peisistence of the pienatal airless condition Reference to 
bionchial obstuiction will apply only to that fiom fluids, for the sake 
of definite example The obstiuction is leferred to as paitia! when 
the cioss-section of the bionchial lumen is incompletely filled, and air 
ma} pass m eithei diiection, as total wdien the cross-section is com- 
pleteK filled and an cannot pass and as valvulai when the ariange- 
ment is such as to peimit an to jiass in one diiection only In the 
last instance, the vahe is spoken of as expnatoi} wdien exit is allowed 
and as inspnatoi_\ when entrance is allowed The position of the 
obstiucting plug in the bionchial ticc is indicated as lobar wdien one 
01 11101 e entile lobes of the lung aie shut oft theiebv, and as lobular 
wdien one pait of a lobe is occluded The teim distal is used in rela- 
tion to the bionchial tiec to indicate the diiection oi part tow'aid the 
aheoh fioin a gnen jioiiit, wdiilc pioxnnal applies to the direction or 
pait tow'aid the tiachea The woid an is used loosely to refei to the 
lespned gases in gcneial The available an is an exjoiession intro- 
duced to leplace -vital capacit\, meaning that pait of the air in the lung 
aftei the deepest inspiiation wdneh can be tin own out wnth one maxiina! 
expiiation 

THE DEVELOPJtCNl OE IIRONCIIIAL OBSTRUCTIOK 

The bionchial tiee is piovided with ^allous means to inaintani its 
pateiic}^ VIZ , caitilaginous stiffening in the walls of the laiger passages, 
the dilating influence of the pulmonaiy musculai and elastic tissue, 
bionchial peiistaltic and ciliaiy action, the ebb and flow ot an ni quiet 

01 foiceful lespiiation and giavitation 

The bionchi aie known to undeigo change of calibei sMichiouous^ 
wnth the phases of lespiiation, dilating dining mspnation 
ti acting in expiiation The change is inci eased in forced bieatin»^> 
and complete obliteration of the lumen ma} occiii with cough 
anaphylaxis'* Rh}thmical constiicting waves have been seen to p^^^ 
along the bionchi in a pioximal diiection ’’’ To what extent 
of the bionchial w'^all act to expel material lying in the lumen can 
told from the evidence obtained, because the lesult is con use^ 
that of ciliaiy expulsion Radiopaque bodies have been <• 

from the bionchi to the tiachea in as short a time as t■vve^e i 
Theoretically, the bionchial inspiratory enlaigement ma} ser 

3 Wenigaertncr, M Arch f Laryng u Rhm 32 I, 1920 ^ 

4 Schultz, W , and Jordan, H J Pharmacol & Reinberg S 

5 Bullowa, G, and Gottlieb, G Laryngoscope 32 284, iv- 
Am J Roentgenol 14 354, 1925 

6 Bullowa and Gottlieb (footnote 5, first reference 
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engage the wall from the obstructing bod\’- and loosen the attachment, 
while the expiratory constriction compresses and molds the body to a 
smallei diameter and squeezes it along the tube 

The eliminative action of the cilia is an entit}^ definitely to be 
reckoned with, for there is diiect evidence of its effects In patients 
under general anesthesia, blood stains have been seen b)'- bronchoscop}^ 
to tiavel from the caiina to the larynx in a few minutes ' 

Passage of the respited an in quiet or foiced breathing tends to 
loosen obstructions m its path and to moie them along Emphasis 
should be placed on the fact that the available an is responsible foi 



Fig 1 — Three larieties of the behaMor of mucus obstructing- the bronchial 
lumen under the influence of respired air A, partial obstruction B ‘doughnut 
t\pe of obstruction, C, expiraton lahe t\pe of obstruction 

the effects, and that the lesidual air is powerless to operate in an 
elnninatne capacit} Thus an mdnidual is able to execute the miis- 
culai effoit and laiMigeal moiements of cough after a complete expir- 
ation, but no exclusion is accomplished The aiailable an is the ram 
that dines through the bronchi and trachea in coughing all or a part 
ot tins ma\ be used bi one cough dejiending on excursion and force 
Expulsion ot substances from the bronchi dejicnds on the expelling 
lorce superseding forces of adhesion The behaMor of stick\ msckI 
fluid in Aarious quantities in the bronchial tree in forced respiration is 
suggested In reference to figure I The drawings at A show jiartial 

7 ^^^crson I^r\ngoscopc 34 63 1924 
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occlusion b) a small mass lying m the bronchial lumen With e\pii- 
ation, It IS uiged in a pioximal duection, and it will be tin own toward 
the tiachea if the foice is sufficient Whth inspiiation, it is iiiged dis- 
tally and may be tianspoited into smallei passages, ^^here total obstruc- 
tion ma} lesult At B a laigei mass fills the bionchial lumen at one 
point when at lest, but the amount is small enough and adhesion strong 
enough that at expiiation and inspnation thinning and ruptuie occur at 
the centei, and the lesult is a paitial occlusion® At C, a still laigei 
accumulation is piesent Expiration ]:)ushes it along the bronchus to a 
point of sudden and consideiable enlaigeinent of the lumen at the 
entrance of a side bianch Sufficient foicc being active, it will be ear- 
ned past this to become a paitial obstiuction in the largei passages 
beyond but if adhesion is the gieatci foice the mass ma} iide at the 
In fill cation nhile the an passes and chop back again at inspnation, 
lefill the lumen and be earned into the peiiphen This event how- 
e^el, has bi ought about paitial oi complete loss of the available air 
from that pait of the lung and the plug now assumes a position 
highei than before, oi, if it lesists distal displacement, suction is 
developed on its distal side in each mspiiatoiy phase Expiration is 
less able than befoie to effect expulsion m piopoition to the amount 
of a\ailable an lost The event may ha\e had yet anothei result, for 
the cioss-sectional aiea of the bionchial tiec inci eases lapidl} toward 


the penpheiy, and a plug that fills the lumen of a given bionchus mai 
be unable to fill more than a pait of its blanches The phenomenon 
of tianspoitation of obstiuctions tow aid the periphei} has been 
obsen^ecl m man and in animals by the aid of fluoioscop} and tie 
injection of iodized poppy seed oil 40 per cent ° It mav be explaJ’^^ 
pait by the expiiatoiy valve mechanism that has been desciibed an m 
pait by absoiption of an distal to the obstiuction and changes in pie^^ 
suie relationships fioni that souice Thus figme 2 gives 
piessmes that weie obtained fiom the bionchial lumen at 
pioximal and distal to a total plug occluding one lobe 
expiiatoiy piessuies aie showm, and the pm pose of the expeiinien^ 
to deteimme the influences excited by quiet and forceful ^ 

a total plug Theie was quiet lespiiation to begin wnth, and 
represents the tivo piessuies when obstiuction wms 
expiiation and loss of a pait (tidal) of the available an ^j.gjie\ed 
aie seen to be piactically identical At B, obstiuction was 
tempoiaiily and then instituted at the height of ^-gstire 

inspired an -was thus impiisoned behind the plug The !s a 


8 This IS the “doughnut” behavior described bj Lee 


(personal communicT 


tion) from bronchoscopic observations in man 

9 Arclnbald, E, and Brown, A Am Re^ Tubcrc 16 IH 
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level IS seen to be above that of the proximal piessure The situation 
was allowed to lemain foi observation, and it was found that the dis- 
tal piessuie giadually fell and in thirty minutes had reached the level 
of the proximal piessure Piesumably, the tidal an was being absoibed 
or otheiwise lost After this, the effect of cough was imitated by 
shutting oft the trachea momentarily in the eaily stages of expiration 
and obtaining straining Both piessures are seen to use shaiply, the 
pioximal piessure to somewhat the higher point The domination of 



Fig 2 — Plug producing complete lobar bronchial obstruction Cur\es of 
evpiratori pressures measured at points proximal and distal to the plug Obstruc- 
tion instituted at the end of expiration ( 1) and at the end of inspiration (B) 


the pioximal value uas found to be a constant eftcct ot stunning to 
expiie against lesistance and to be piopoitional to the exertion of 
stiammg After this maneinei the presMires returned to their former 
le\cls at cqnaht) uith each other uhen the} weie noted to remain 
without noticeable change foi a tew minutes, about 5 cc ot an was 
withdiawn h% aspiration with a s\rmge Irom the occluded portion of 
the bronchial tree The distal pressure u seen to diop at once below 
the pioximal piessme and to maintain the lower k\el These measure- 
ments show that m expiration the relation ol the pressures dutal and 
proximal to a bronchial obstruction filling the lumen toial!\ at one 
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point depends on the amount of an imprisoned distal to the plug, and 
that the distal piessure piedommates onh when air pieiaoiisiy 
inspired still lemains It has been fouiKP® that the distal pressure 
diops progiessively as the impnsoned an is absoibed and atelectasis 
develops The degiee of suction then exerted on the plug toward the 
peiipheiy of the lung is consideiablc Undei conditions of lowered 
distal piessuie, coughing selves to mciease the pi edominance of the 
proximal piessuie” Coughing can theiefoie be expected to expel a 
total plug only ivlien a suppl} of an available foi its action exists in 
the occluded poition of the lung, and this supply tends to be absorbed 
With loss of the aAailable an, cough is calculated to exeit a driving 
effect tmvaid the peiipheiy 

This evidence of the dependenc}' of cough and other expiratoiy iunc- 
tions on the a^allable an of the obstiucted poition of the lung for 
expelling effects apjicais to be diiectly contradicted by ceitain clinical 
expel lences Reliable obsciveis^- have lepoited that some patients 
with well developed massive atelectasis have been leliev^ed of the con- 
dition after violent coughing and deep bieathmg Thick tenacious 
mucus was coughed up at the time, and wentgen examination showed 
le-aeiation of the lung This contiadiction will be discussed furthei 
aftei othei problems have been piesented 

THE DEVELOPMENT OF ATELECT-VSIS 

Credit belongs to Lee and his associates foi the first satisfactor) 
proof of the obstiuction theoiv of atelectasis” They occluded a pad 
of the bronchial tiee of a dog vvuth thick mucus which had been aspi 
rated fiom the bionchus of a patient with atelectasis, and they foun 
that the coiiesponding poition of the paienchyma of the lung vvas 
atelectatic after thiee hours Concentiated mucilage of gum acacia 
was used for the same puipose m fom othei dogs, and atelectasis w a 
evidenced within fiom thiitv minutes to thiee horns” Coryllos, 

10 Van Allen, C, and Adams, W Surg Gynec Obst 50 385, 1930 

11 Lindskog, G, and Van Allen, C Work readv for publication 

12 Scott, W J M Massive Atelectasis and Postoperative m 
Prophylaxis and Treatment, JAMA 93 101 (July 13) 1929 

13 Lee, W , Ravdin, I , Tucker, G, and Pendergrass, E Ann is = 

1 1 -tn ca 1R7S'1 IS conimo"^' 

14 Lichtheim (Arch f exper Path u Pharmakol 10 5 , fgi^cfasis 

credited with the first experimental reproduction of obstructive col 

confused atelectasis with pneumonia, however, and permitte extent 

lapse of the lungs to enter into the circumstances of expeiiment o 

as to render the results unconvincing atelecta'’" 

15 Complete proof, by postmortem examination, of the altbo^'~'' 

in their animals was obtained (personal communication to t le 

a report vvas not published 
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derson and their co-\vorkei s obstructed the primary bronchus on one 
side in about sixty dogs with inflated rubbei balloons and examined 
the lungs after a period of time which varied from one to tuenti-four 
hours Atelectasis of the occluded part was alwa 3 S found Still others 
have obtained this condition after closure of the bronchus to one or 
moie of the pulmonar} lobes by hgatuie 

Convincing evidence in denial of this causal relation of bronchial 
obstruction to atelectasis came to one of us (C V A m earlier 
work The first was seen in a dog that was being used m expeiiments 
for another purpose Two months before, the wall of a bronchus 
within the lower lobe of the right lung had been cauterized thiough a 
bionchoscope and completely destrored for a length of about 1 cm 
The lobe now presented the picture seen m figure 3 The bionchus was 
interiupted at the burned point b} a solid sequestrum of necrotic 
tissue, and beyond this the bronchial lumen was filled throughout uith 
glass}'^ mucus, as cMdence ot total obstruction A’e^ertheless the 
parenchyma was an -containing (fig 4) and could not be distinguished 
in this legard from that of unoccluded portions of the lung In two 
other instances of the same sort, in which examination was made one 
and one and one-half months respectneh after destruction of a 
bronchus, the lung again remained normall} air-containing 

Other methods for obstiucting the bronchi ^^ere then tested Gum 
acacia mucilage, of the concentiation used b\ Lee and his co-workers, 
w^as injected into the bronchial tiee oi the lower lobe of the right 
lung, and the dogs were maintained under anesthesia m order to depress 
the respirations and to ensure letention of the material Three ani- 
mals w^ere so treated and then examined after a period of fiom three 
to tw'elve hours No atelectasis resulted, although the bionchi remained 
“drowuied” wuth the fluid The lubber balloon method was rejected 
because of difficultA Avith deflation and instead a certain stick} and 
malleable lubber preparation (!Michelin mastic) ser^ed the purpose 
well Piece aftei piece of this was earned through a bronchoscope 
and pressed into the bionchi of the lower lobe of the right lung and 
accessori lobes, until the\ weie distended with a branching cast which 
pieseiited no possibilt} of slipping and admitting air This tij>e of 
obstruction was applied to four dogs and permitted to remain for 

16 Cor\llos P X Postoperatne Apncumitosis C \tclccta«is) and Postoper- 
11110 Pneiimonn JAMA 93 98 (Juh 13) 1929 Conllos P X and Birn- 
bium G L Obstructne Atassne Atelectasis of the Lunii Arcli Surpr 16 501 
(Peb ) 1928 Lobar Pneumonia Considered as Pneumococcic Lolnr Vtclcctasic 
of the Lung- ibid IS 190 (Jin) 1929 Henderson A Hacgird H W Corelloc 
P X Birnbaum G L and Radloff P Treatment of Pneumnnn be InlnH- 
iion of Carbon Dioxide Arch Int Afcd 45 72 (Ian ) 1930 

1/ Andrus AA DeAA Cardiore-piratore Pin siolooe Polloeeinv CoIIap'C ni 
Due Lung he Bronchial Liiration Arch Surer 10 506 (} m ) 192” 
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penods up to twenty-foui houis befoie the animals were killed No 
atelectasis lesulted 

The total vaiiety of bionchial plug had thus failed after tiial in 
difteient ioims in ten dogs, and a test of obstiuction was next made 
by means of an appaiatus that had the eftcct of an expnatory lahe 
A. dog was anesthetized and tiacheotomized and a coik pierced b} a 
tube, was slipped dowm the trachea and forced into a bionchus of the 



Fig 3 — Right low'er lobe of a dog’s lung The broncius las 
demonstrating complete lobular obstruction of the lumen cause 
trvo months before the animal was killed The bronchial tree is 
IS filled with retained mucous secretion, and the parenchyma is 

1 u 1 slendei riibbei tube 

lowei lobe of the light lung Fiom this cannula c jiozzle The 

was earned out of the tiachea and connected to a * -ivater la a 

tip of the nozzle was submerged just below the sui ace 

vessel With fiist expiiation an bubbled past the wa gper 

sideiable quantit} , with the second, a bubble bblinr ceSed The 
this (the available air having escaped) the bii & ^.j^g jeicl 

meniscus in the nozzle fell with each expiration prec ^ ^j^gje 
of the outlet, and lose about 10 cm with inspna 
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way beliaAcd sunilaily (r.i inlvo ilio 

In an experiment of tins tylte with a co.k and tvate, x. 

tiacheotomy opening became paitly closed by a oo co 
not discoveied until it had been ,n eBect foi some time and b''™ 
rise to labored lespiiation Afte. fon, hoti.s, the annual was k 11 , 

autopsj levealed complete atelectasis ol the obstmcted lobe ol the 



Fig 4 — Microscopic appearance of the parenchyma of the lung specimen 
slioMii in figure 3, in the obstructed part The alveoli are air-containing, and at 
one side is a bronchus filled ^\lth secretion 


lung The factoi of resistance in the trachea was then applied to other 
dogs, impediments of other sorts being substituted for the blood clot, 
such as gauze sponges or partial closuie of the trachea bv clamping 
A^telectasis formation then became the rule Analysis of the situation 
showed that the effect w^as obtained by lesistance applied to the expiied 
ail passing through the trachea, and the type of lespiiation thus pro- 
duced appeared similai essentially to that of coughing, moaning, grunt- 
ing etc m which the \ocal cords approximate and resist expiration 
e laAe lef erred to this as straining respiration Its piesence in 
icse expenments was found essential to the development of atelec- 
asis w lether the plug w as total or equipped wuth a valve, and the 
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THE PRINCIPLE OF AIR EXCHANGE BETWEEN THE P \RTS OF A LOBE 

Ceitain deductions fiom these expeiiments ha^e led to othei expen- 
inents and the demonstiation of a pnnciple of lespnatoiy function 
which pel tains to the behavioi of aii in the lung be}ond a bionchial 
obstmction and which selves to explain some of the contiadictions at 
hand Details of the pi oof and chaiactei of this aie furnished else- 
wheie^ The pnnciple ma^ be stated biiefly as follows 



5 — Roentgen appearance of three lobes of a dog’s lungs after bronchial 
obstruction bv wax plugs for twenty-four hours A, complete lobar obstruction, 
ollowed bj atelectasis , B, complete lobular obstruction, with maintenance of 
aeration A test with high pressure show'ed these plugs to be air-tight 

The paititions that dnide one aheolus fiom another and one lobule 
fiom the next in a single lobe of a lung peimit air, fluids and finely 
particulate inattei to pass This exchange is a result of very slight 
cifteiences in piesstne within tw'o adjoining lobules (the difference 
mat be as low^ as 1 cm of watei piessure) , these difteiences are such 
aie commonh geneiated between obstiucted and free paits of the 
iionclnal tree during quiet bieatlnng It has been found that an 
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peimits one unit to compensate foi inteuuption that ma) occm m the 
supply channel of the othei In the bionchial system of one lobe, 
blockage of a pait leaves othei s to ventilate the paienchyma This 
compensation fails when all bionchi of a lobe aie occluded (lobai 
obstuiction) 

The inconsistencies appealing in the action of cough aie lemoved 
by considei ation of this cucumstance As has been emphasized, cough 
depends foi eliminative eftect on the piesence of available an in the 
lung behind the bionchial obstuiction The inspii ation that piecedes 
the cough furnishes an to the obsti acted lung past the plug, if that is 



Fig 7 — Results of twenty-seven experiments with bronchia! obstruction in the 
presence of straining respiration The same method of designation is used as in 
figure 6 


partial or of the insjinatoi)^ valvular type, oi by way of the peripheial 
mtercommunications, if the plug is total and lobular Undei these 
circumstances, the cough builds up a highei piessure in the bionchial 
lumen distal to the plug than in that pioximal to it, and may move the 
obstuiction towaid the larynx This is ilhistiated by the curves shown 
"1 figuie 8, from piessuies measured at points just distal and proximal 
to a total lobulai bronchial plug The expuatory pressuies only are 
shown The distal piessure lies above the proximal value, and this 
I'clationship persists during quiet respiration throughout When the 
action of cough was imitated, both piessures rose abruptly and fell, 
producing an inciease in the ad^antage of the distal \alue Again, on 
the remoral of about 10 cc of an from the bronchial tree beyond the 
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plug, no distuibance resulted in the i elation between the two pressures 
This behavior contiasts with that of the an in a lobar total plug, as 
has been described (fig 2), foi then the inspiration that precedes the 
cough does not furnish air to the obstructed lung, and if the available 
an ahead} in that pait has been lost by absorption oi other means, 
the cough IS unable to laise the distal piessuie above the value proximal 
It should be remarked that this distinction between the lobulai and the 
lobai positions of obstiuction in the effectivity of cough refers as well 
to lobulai plugs that are with and without functioning intercoramuni- 



Fig 8 — Plug producing complete lobular bronchial obstruction 
expiratorj pressures measured at points proximal and distal to the plug s 
tion was instituted at the end of inspiration 


cation Thus it has been found that one part of a lobe may econ^^ 
isolated by a multiplicity of mucous plugs, so that the behavior o 
impiisoned an is the same as that in lobai obstruction 

The importance of the peripheial mtei communication for t 
maintenance of the patency of the bronchi is evident vben 
templates the extreme fineness of the peripheial airwais, 
mural ngidity and of ciliaiy appaiatus and the tendenc} a 

and exudation A minute drop of fluid must sen^e to o 
respiratory duct Weie it tnie, as generally belieied, 
ends in a blind cluster of alveoli, consider the sitiiatioi 
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when the duct becomes occluded dining sleep or at othei times when 
expelling foices aie not soon instituted The available an would soon 
be absoibed, and the oppoitunity foi expulsion of the block ivould be 
lost The obstiuction must lemain As it is, with exchange of an 
betw’'een the alveoli, expulsion is possible wnth each expiiatoiy eftoit 
As a mattei of fact, dining shallow' lespnation the communications 
may not function after bionchial blockage, and the pait lemains iso- 
lated until a deep bieath oi tw'o is taken Aftei that, exchange of air 
IS instituted and continues in effect Ihis has been a common observa- 
tion, and may be explained by supposing that the alveoli in some parts 
are not used m shallow breathing and paitly collapse wuth the result 
that they cannot serve foi the purpose of mtercommiinication without 
first a full inspiration to expand them The deep breath oi rawm that 
follows on prolonged quiet occupation oi on awaking from sleep may 
have the purpose of expanding functionless regions of the parenchyma 
for the aeration and unbiudening of occluded parts 

The development of atelectasis follownng bionchial obstruction 
must depend primarily on the rate of tw'o processes, le, loss of air 
and accession of an When the rate of loss is nr excess, atelectasis 
results The questions of the position of the obstiuction aird the 
efficienc)' of the peripheral communications are theiefore of prime 
importance Atelectasis may develop only when the obstruction is 
lobar or when it is lobular and the communications to that portion of 
the lung are partly or wholly closed and unable to keep pace with loss 
of air by absorption or other means A total lobular plug in normal 
communication with free adjacent lobules has not been seen to result 
nr atelectasis, and this consider ation appears to explain the failure of 
atelectasis formation in lobe B, figure 5, as well as many of the othei 
failuies in our w'oik to obtain this condition after bronchial obstruc- 
tion 

No explanation, how'evei, has )et been obtained foi the maiked 
acceleiating influence of straining respiration on atelectasis for matron 
In addition, there leirrain unexplained the marked differences in the 
late of atelectasis formation that are to be seen wdren both the posi- 
tion of the obstiuction and the t\pe of respiration aie kept constant 
There must be important factors still unrecognized wdiich enter into 
the pathogenesis of the condition, in one instance to speed absorption 
of air and m another great!) to delay or to stop it Since absorption 
of air IS b) the blood stream,^® these factors probabl) relate to that, and 
iniproiement in the cii dilation or its retardation would be expected to 
hasten oi to slow' absoiption of an Im estigations along this line are 
under wai 
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CLINICAL APPLICATION 


We ha\e no additions to make to the measuies of ple^entlon and 
tieatment aliead)^ in piactice However, these desene discussion as to 
advisabilit}’, A\ith lefeience to the pimciples of hionchial obstuiction 
and atelectasis foimation alieady explained Anothei ciicumstance ot 
gieat impoitance lequiies attention the infection that precedes and 
accompanies atelectasis in most instances Bacteiial or chemical inflam- 
mation of the bionchi is iisiiallv responsible foi obstiuctmg secretions 
and exudates, and to infection aie due in laige part the distressing 
symptoms and danger ous complications of atelectasis That the d}sp- 
nea, feier and prostration are immediately related to the infection 
lather than to collapse of the lungs, is strong!} suggested Ia the facts 
that compressne atelectasis, as in pneumothorax produces relatnelv 
slight caidiorespiiatoiy distuibance and no toxemia, and that obstuic- 
tne atelectasis in the dog does not give rise regularly to am of these 
effects The loss of function of so much lung is probably unimportant 
in itself in most cases Attention has been directed in the recent hter- 


atuie to the complications of atelectasis and particularly to pneumonia 
While there is no diiect and commcing evidence-® that atelectasis 
lepiesents the first stage of pneumonia, oi even that it piedisposes to 
pneumonia, there is little doubt that the seiious bronchitis that leads 
to massive atelectasis ma} icadilv piogiess to pneumonia 

In applying to clinical use the knowledge of atelectasis that has 
been gamed, caution is advisable lest by active inten ention, calculate 
to be beneficial in one lespect, actual harm is done by tiansgiession o 
principles not yet understood Care should be taken also not 
aggia'iate the accompanying infection Indeed, consenatism ma) 
be indulged in for the present, as atelectasis in massive 
unusual, its moibidity brief and fatality from the condition itse 
For preienting the accumulation of inflammatoiy pioducts 
bionchial tree, recourse may be had to medication and to 
ment of natuial forces for elimination fioin the bronchi 
diugs of the mucous secretions is indicated m nonbacteria i 
of the tract, as in inhalation anesthesia, and it has little P 
in well developed infectious bionchitis Inhalation of 
in moistening and warming the inflamed surfaces Of attention 

forces, the cihai} and peristaltic functions ma\ be aider ^ 
to their tuo mam impediments le, the suction that fo pliiicls 

of air distal to a total obstruction, and adieise graMta ^ 

20 The Inpothesis ad%anced In Cor^llos and Ins associates^ tacks am 
tasis as a constant precursor and disposer to pneumonia as i p, 

anatomicopathologic proof The> haie demonstrated no mo 
juxtaposition of the two conditions 
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accumulating in the bionchial tiee tend to settle first of all in the 
smallei passages, and the earliest total ohstiuction is likely to be 
lobulai At this stage it should be possible to pi event collapse of the 

lung in the obstiucted paits by maintaining aeiation of the fiee por- 
tions of the lobe and peimitting mtei communication at the peiiphery 
This may be done by means of an occasional deep breath Even aftei 
isolation of the part has become complete, as in lobai ohstiuction, deep 
bieathmg may still be effective, since the plug in one or another of 
the passages ma)^ be of small size and admit an b}'^ inspiiatoiy dilata- 
tion of the bioncluis, by thinning and rupture at the center oi by being 
sucked into the peiipher) and leaving some of the small blanches free 
Heie again, it should be appieciated that an occasional deep bieath or 
two IS sufficient Continuous hypeipnea, as induced b} inhalations 
of caibon dioxide,-^ is probably unnecessaiy and may be tiling The 
added muscular exertion called forth, leflex and subtle though it may 
be, must lequire output of energy As a matter of fact, when massive 
ohstiuction has been reached dyspnea and cyanosis (high carbon 
dioxide content of the blood) aie often already at hand and require no 
augmentation The impediment to the eliminative functions by giavita- 
tion IS, of couise, readily leplaced by equally effective assistance from 
that source, by placing the patient’s head at a level below the bases of 
the lungs Coughing should he used m moderation, since its action is 
not always effective and may be haimful Ihe chief benefit from the 
cough IS to be expected in the removal of partial obstiuctions, and the 
action becomes unceitam m total obstiuctions The cihaiy and peii- 
staltic foices aie mainlv to be lelied on in the latter condition On the 
othei hand, it is deal that coughing has a somewhat irritating effect 
and, in addition, tends to acceleiate the absorption of air that is impiis- 
oncd in the lung Excessive spontaneous coughing should be con- 
trolled It must be remembered that rest is important to the geneial 
lesistance of the patient in combating the coincident infection 

The following plan of pioceduie is suggested foi loutine use in 
pierenting the decelopment of bionchial occlusion 

Elevation of the foot of the bed is the only constant addition to 
the ordinal} nuising and geneial suppoitive measuies If it is evident 
that bionchial secretions aie excessive a regular schedule is adopted 
uith a change of side in the lying position and with encouragement to 
inspiie deeply and to cough once or twice Hourly or half-hourl} 
intenals aie used H'hen suggestion is not effectne or desirable to 
obtain the inspnation and cough, as in sleeping, unconscious or othei - 
uue uncoopeiatne patients inhalations of carbon dioxide should be 

-1 Henderson Hisigard Cor\llos Birnbaum aud Radloff ({ooWote 16 foiirtb 
reierencel 
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substituted Bieathing oi steam is used it specially indicated Seda- 
tives aie administeied fieely and in amounts to contiol spontaneous 
coughing that occuis m excess, and to obtain lest 

Once ph}sicial signs and symptoms indicate that atelectasis has 
occuired, suction is operating to draw the offending plug toward the 
peiipheiy, and all foices of expulsion aie at a disadvantage, particii- 
lailv that of cough Also, any stiaining in bieathing acts to acceleiate 
absoiption of the pent-up air that still lemains, and lespiratory ever- 
cises that contain this element are to be minimized The effects of air 


hunger and toxemia aie also added to the picture Bionchoscopic 
aspiiation of the obstiucting material has been demonstiated to have a 
place in the tieatment for this condition, foi in numeioiis reported 
cases the atelectatic lung has letiirned to a normal i oentgenologic 
appearance and the symptoms ha\e disappeaied aftei the leinoval of 
mucus fiom the bionchi Theie is usually an immediate aeiation of a 
part of the lesion, and the remaindei then becomes an -containing 
section by section Relapse may occin at any stage It is often impos- 
sible to unbuiden all the blanches of a lobe by aspiiation, nor is that 


necessary The stephke aeration desciibed is piobably due to a pio- 
gressive process of inflation thiough the peiiphery fiom one respirator) 
unit to the next Thus, aftei bronchoscopic tieatment and libeiation of 
one or two branches the patient immediately inspnes into and aerates 
the coriesponding part of the lobe Fiom this, in tuin, the an may be 
inspired by wav of peiipheral communications into adjacent portions 
that aie still obstiucted This serves to inflate the paienchvnw l'^& 
distal to the remaining bionchial plugs, to lelieve the suction an to 
piovide available an foi the action of cough, clearance of the 
the obstiuction proceeds spontaneously by' cough It should 
sized, howevei, that bionchoscopy in other than highly skil ii 
may add materially to the acute tiacheobronchitis and bung about 
damage than benefit The rate of bronchial secretion mai 
ated and i elapse encouiaged thereby, cases are on recoid tiat 
lepeated bionchoscopic mteivention It then becomes 
whether the patient is affoided gi eater peace and securiti ^^^r 
intermittent engagements with the endoscopist than he 
allowed to pursue the natural course of the condition uncer 


atne management the 

The loutine treatment for atelectasis may he plannee 
same measuies that have been suggested foi pievention 

. 1 [jjen found 1''' 

22 Attention is called to the fact that deep breathing to evpo 

fall into the category of straining respiration, unless there is re 

tion as in coughing, grunting, moaning, etc 

23 Lee, W y^ork readj' for publication 
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SUMMARY 

The piesent undei standing of the pathogenesis and clinical man- 
agement of obsUuctne pnlmonaiy atelectasis is reviewed to set foith 
ceitain pioblems 

1 The inconstant action of cough and othei natmal eliminative 
foices ill maintaining and effecting cleaiance of the lowei respiiatory 
passages 

2 The iincei taint} of incidence of atelectasis foimation aftei 
bioiichial obstuiction 

3 Iiiegularit} of the late of atelectasis foimation 

Solution IS ofteied foi some of these problems by reference to cer- 
tain piinciples of lespnatoiy function lecently determined 

1 Exchange of an between paits of a lobe at the peiipheiy 

2 The acceleiating influence of straining respiiation on the rate 
of absoiption of an m the occluded pait of the lung 

3 The dependence of cough foi its eliminative effect on the pres- 
ence of available an in the occluded pait of the lung 

It is pointed out that the thud ptoblem, which concerns the rate of 
atelectasis foimation, lemains paitlv unsolved 

Evaluation is made of the methods m vogue foi the pievention and 
tieatment of atelectasis 
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In piCMOUs papeis we ha\e cnclea\oied to present clinical and 
expei'iniental CMdence in laAoi ot the theoi\ that atelectasis is alwacs 
piodiiced b} complete bionchial ohstiuction including those cases in 
which It tollow^s collapse ot the lung fiom compiession as in open oi 
tension pneumothoi ax or abundant pleiiial eftusion 

If we have lepeatedh and peisistenth dealt with this subject it is 
because we considei that it is of gieatest piactical importance that 
atelectasis should be associated in the mind of the piactitioner with 
bionchial obstiuction and that he should seek out its cause b\ fuithei 
investigation of the bionchial tiee We behe^e that he must accept as 
an axiom that wdiatevei ma\ be the conditions facoiing the pioductionof 
atelectasis — impaiiment of pulmonan ^entllatlon naicotics postopeia- 
tive splinting ot the thoiacic caMt^ because of pain postuie deciease ot 
cough because of naicotics oi pain pieMous common colds etc — there 
is but one immediate cause complete bionchial obstiuction Roent- 
genogiaphic and often bionchoscopic examinations aie necessan to 
establish the paiticulai cause of the disease in a given case To cite 
onl) a tew’’ examples man^ latent foieign bodies tumois ot the 
mediastinum and moie paiticulai h mail} tumois of the lung (whicli 
111 a great majoiih of cases aie of bionchogenons oiigiii) might be dis- 
coveied in this w^av It is obvioiish desiiable to diagnose such tumois 
111 then eaihest stages w^hen the\ aie still operable Then again in the 
cases of nonopaque foieign bodies in cluldien in piolonged foims of 
postopeiatne atelectasis and even in hemoptisis with sudden s}niptonis 
ot impending asph^xla a know'ledge of the obstiuctne natuie ot atelec- 
tasis would be ot the gieatest impoitance foi the initiation of appiopiiate 
tieatment Last but not least with the idea ot the i elation between bion- 
chial obstiuction and atelectasis ahva^s in mind the thoracic suigeon m 
caiiMiig out collapse theuqw oi lesection of a lung foi chioiuc suppuia- 
tion of the oigan wall adopt pie\entne measuies oi will haie alwa\s at 
band the necessaii instuimentaiium loi ti eating bionchial obstiuction 
due to pus expiessed iiom the collapsed lung Mam latahties attei 
chest opeiations belle^ed due to postopeiatne shock are siinph due to 
olistiuctue atelectasis as is cleaih shown b\ a caietiil peiusal ot case 
histones cited in the liteiatiue (Beirc and Lambeit) It is onh leason- 
alile to supiiose that a good numbei oi these deaths might ha^ e lieen jire- 
^cnted c\cn attei such an accident had happened Had the necessan 
nicasuies been known and leadih acailable ad\antagc could ha\e been 
taken ot that short peiiod which inter\enes between the moiilmnd state 
ol the jiaticnt and death toi leestabhshment of respiration So long 
howecei as we content ouiselAes with such ha7\ explanations a^' ‘ \aso- 
motoi leflex ‘ lironchoinotoi icflcx or angioneurotic edema no leal 
etTort will be made to acoid or treat the real and tangible came of atelec- 
tasis which we repeat is bronchial obstiuction 
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ance” This seems, to us, charactenstic evidence of the pioduction of 
atelectasis b}" absorption of the alveolai air b) the circulatoiy blood, 
because only in this way' the necessity of ciiculatoiy integrity in its pro 
duction would be undei stood Van Allen and Adams do not discard 
the theory of alveolai gas absorption, but, on the otbei band, they do not 
definitely admit it because of the appaient difficulty with this theoiy to 
explain their failuie to produce atelectasis in quiet lespiiation They 
therefoie compiomise “Those experiments,” they said, “designed to 
lest the part played by the blood stieam in atelectasis foimation, must be 
guarded as to inteipretation In ligating the vessels the nerves to the 
lung may also have been injured, and the failure of an absoiption undei 
these circumstances may' have been due to eithei oi both of these 
effects ” 

We have quoted from these two papers because they lepresent, so to 
speak, the extieme wings of the series of papers on atelectasis published 
during the last two years both m Ameiica and abioad, which cast doubt 
on the mechanism of pioduction of this disease by bronchial obstiuction 
and absoiption of the alveolar gases by the blood The first is a purely 
clinical papei without any attempt at expeiimental veiification of the 
statements and theoiies advanced The second is purely experimental 
Both, however, have one point in common They express doubt as to 
absoiption of alveolai air by the blood cii dilating in the alveolar capil- 
laiies It would seem that the solution to the whole question lies in 
the answei to this question Is the alveolar air absoibed bv the blood 
and if It IS, what is the mechanism of this piocess^ It is obvious that 
the answei to the question and the solution of the pioblem will be neces- 
saiy to establish the obstiuction theory on a solid and indisputable 
physiologic basis, but once this pi oof has been gnen, we feel that the 
other theoiies usually advanced would be dealt a definite blow and 
should be discaided 

The lationale foi determining the exchange of gases m the lung m 
1 elation to atelectasis is thus apparent The task was difficult, com- 
plicated and full of pitfalls It lequned a great deal of specific knowl- 
edge and complicated ex-peiimentation, of extreme precision m the 
qnantitatne deteimination and many precautions and continuous check- 
ups in the inteipietation of the lesults obtained The expeimients 
weie long often lasting twelve, fifteen, twenty or e\en forty-six hours, 
dunng ulnch time manv details rcqiined coordination and constant 
siipenision, among these details uere the occluding balloon the pleural 
cannulas the roentgen apparatus, the oscillating \acinim source the 
ninnometers and lecording dcMces etc During these long hours the 
animals were put to the hard test of deep narcosis and intiabronchial 
manipulation We had to face man\ disappointments in order to “carry 
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on” foi ovei a }eai On the othei hand, the problem was so captivating 
and the lesiilts obtained of such gieat mteiest that no effoit seemed too 
gieat 

'We feel that the data to be piesented dehnitely uphold the piocluc- 
tion of atelectasis by complete bionchial obstuiction and absoiption of 
the alveolai an, and that they can explain the pathogenesis oi this 
disease without the additional help of “straining lespiration,” “valviilai 
expulsion,” “lespiiatoiy decompensation,” oi “lespiratory faikiie” 
(with 01 without “lung plethora”), “angioneuiotic edema,” “vasomotor 
reflex,” etc 

PHYSIOLOGY 

Since oui pioblem is based entiiely on ph}Siologic giotinds and in 
close 1 elation to the physics and chemistry of lespnation and the 
exchange of lespiiatoiy gases, it is necessary for a full comprehension 
of the undei lying details, to make some ingress into the fascinating but 
also often despeiately complicated question of respiiation Modern 
conceptions on lespnation have modified the older theories in many 
wais On the othei hand, m the painstaking work of many of the 
oldei ph} siologists, especially of Pfluger, Ludwig and their pupils, we 
found much lelevant mateiial piecious to our own work The promi- 
nent contioveis} concerning the function of the alveolar lespiratorj 
membrane lasted foi ovei fifty years, the last word on the subject has 
not vet been said Is it a simple semipeimeable membrane thiotigb 
which the exchange ot gases pioceeds according to the laws ot diftusion 
as maintained by Pflugei, at the head of Bonn’s laboxatory, or is it a 
title secietoiy epithelium secieting oxygen much as sain ary epitie^”^^ 
secietes saliva, as Ludwig and his pupils at the Leipzig Laborator) 
maintained^ Many papeis of gieat significance and accurac) ue 
published cluiing that heioic peiiod of study on the respira 
Although almost comjoletely foigotten today, they are in genera 
with the fundamentals of the modern physiology of 
Among these oldei woiks and under titles appaiently beaimg no r 
to our pioblem, we weie indeed snrpiised to discovei that 
ob'stuiction was earned out pieviously on the dog of 

and eien on man (Loewv and von Schioettei, 1905) 'lases ot 

these authois was to deteimine the exact composition of t ie 
the aheolai capillaiv blood by analyzing the ^ an 

since 111 fiom fiie to fifteen minutes after bronchia ois 
equilibiium sufficient for then puipose in gas percentages ,j,(. 

between the alveolai gases and the gases m the venous 
lung Oin results are in complete accoid ivith those ^ 
authois as ne shall latei see 
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Requn eineuts foi the Exchetuge of Gases — ^Respiiation is the 
exchange of gases between alveolar air and venous alveolai blood on 
the one hand, and between the tissues, lymph and capillaiies on the 
other hand The exchange of gases in the lung — the only one which 
interests us at present — lequiies the following conditions (1) the 
integrity of the endothelial membrane composed of the alveolar and 
capillary endothelium which separates the alveolar air from the venous 
capillaries of the lung, (2) the difference in paitial piessures of the 
gases present on eithei side of this membrane, (3) the integrity of 
pLilmonaiy ventilation with the continuous renewal of the alveolar air 
which IS only possible if there is no mterfeience with the patency of 
the air passages from the larynx to the respiratoiy bronchioh, atria and 
ducti alveolaris, and (4) the integrity of the intrapulmonary circulation 
No one of these conditions can be altered without producing pro- 
found changes in the mechanism of the exchange of gases 

It IS easy to understand how edema or inflammatory thickening of 
the alveolar membrane will impair or stop this exchange Likewise an 
unhampered circulation is essential for the noimal exchange of gases 
The blood being the normal and only gas carriei in the organism from 
the lungs to tissues and Mce veisa, it is obvious that impairment or 
intenuption of the pulmonai) ciiculation will pieclude or bar complete!) 
the usual exchange of gases Likewise, an efficient ventilation is just 
as essential It is the sine qua non condition for maintaining the gases 
on either side of the alveolai membrane under those conditions of dif- 
ferent partial pressures which are absolutely essential for the exchange 
of gases In fact, the most impoitant factor in the accomplishment and 
legulation of the exchange of gases is the difference in partial pressures 
of the gases in the aheolar an and in the renous aheolar capillaries 
Vs Paul Bert first showed it is not the total pressure of the gas mixture 
but the partial piessure of each indnidual gas, each acting as if it were 
alone which is of importance in phjsiologr In a mixture of gases 
when no chemical action occuis each gas behaies independenll} 
Dalton has shown this fact and foimulated the law^ of partial presstiies 
which bears his name Thus if 100 cc of oxrgen and 400 cc of 
nitiogen both at one atmosphere of pressure aie mixed the resulting 
mass of gas occupies 500 cc at the same pressure, but the ox\gen acts 
1'^ if It were under a pre^^ure of onl\ one fifth of an atmosphere C^/- X 
/60== 1^2 mm ot mercuix ) while the nitrogen act=: as if it were under 
1 prc'.snre ot lour fifths ot an atmosphere (^- X 760 = 608 mm of 
mercurx ) 
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Solubility, Diffusion and Oiinosis^---We shall be obliged to use 
physiochemical teims such as solubility coefficient, diffusion and osmotic 
pressuies, etc A short explanation of these terms will theiefore be 
useful 


Solubility Coefficient — Solubility of a gas in a liquid depends on the 
nature of the gas, the natiue of the solvent, its pressui e and the tempera- 
ture The solubilit} of hydiogen, oxygen, carbon dioxide m 1 cc of 
water at 15 C and at 760 mm of meicury pressure aie hydrogen, 
0 019 , oxygen, 0 0342, and carbon dioxide, 1 002 The solubility of 
the different gases is not the same in different solvents, but the order of 
solubility of gases m different liquids is almost always the same 

The solubilit}- of a gas in a given solvent, such as water, is appie- 
ciably diminished by the presence of dissolved solids or liquids, espe- 
cially electrol} tes According to Philip, the pi esence of solids diminishes 
the solubility of gases because a pait of watei enters into combination 
with the solute and is thus made unavailable for absorbing the gas 
Solubility of a gas increases with increased piessuie and decreases with 
elevation of tempeiature Furtheimoie, concerning the nature of the 
gases, those which present basic or acid reactions are much more soluble 
than the neutial ones as, for example, the case of carbon dioxide com- 
pared to nitrogen But the predominant factor m the solubility of a 
gas is, again, pressui e Accoiding to Heniy’s law “The weight of a 
gas dissolved m a liquid is propoitional to the pressure of the gas 
One should not, however, confuse “weight” and “volume Since 
volume and piessure at a constant temperature aie inversely 
tional (Boyle’s law), the law of Heniy may be stated thus 
volume of a gas absorbed by a given volume of liquid is m epen 
dent of the pressure,” but the weight of the gas absorbed is, o 
course, pi oportionately inci eased Dalton has shown that the so u 
of individual gases in a mixture of gases, is directly pioportioiw 
their paitial piessures, the solubility of each gas being indepen 


the piessure of the others r 

From these considerations, it follows that the concentiation 
dissohed gas is diiectly pioportional to the concentiation o ^ 
the fiee space above the liquid In fact, when a definite ^ ^ 

liquid IS satuiated with a gas at a constant tempeiature an 
condition of equilibiium is established between the gas m s 
that over the solution If C, represents a concentration o 
liquid, and C, the concentration m the free space, we 'la^e 
tion g- = K, wheie K represents the solubility coefficient 

— — " 1 t nf the que‘’tie)n "’li 

1 An excellent summary of the phj'Siochemical aspec ^ 

be found in Getman’s “Outlines of Theoretical Chemis n , 


John Wiley S. Sons, 1928 
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Diffuswu P)C<!uac — If a c\linclci containing Indiogcn is placed 
mouth to mouth on a c\hndei containing oxygen, although hydiogcn is 
sixteen times lightei than ox\gen aftei a shoit while we shall find <i 
pel feet mixtuie of the two gases l-hdiogen has diffused against the 
laws of giaviU into the ox)gen 

If a few cubic centimeteis of a concentiatcd solution of cane sugai 
IS placed in the bottom of a tall cylindei and watei is added, care being 
taken to pi event mixtuie, the sugai immediately begins to diffuse into 
the watei, until the concentiation of sugai is the same thioughout the 
liquid Ihe sugai molecules mo\e fiom a region of high concentiation 
to a legion of low concentiation <ind diffuse into the watei 

In the case of gases the late of diflusion is extiemel) lapid Foi the 
Indiogen molecule this speed is 1 840 meteis pci second oi fastei than 
a iifle bullet The a^elage speed foi oxygen undei the same condition 
IS one fouith of this -value oi 460 meteis pei second Thus the “rate of 
diffusion of gases is inveiseh piopoitional to the squaie lOOt of the 
density of the gas ” 

In solution the piocess of diffusion is much slower But the 
molecules obey the same fundamental laws, and they are explained in 
the light of the same theoiy — the moleculai kinetic theoiy If the solu- 
tion and the puie solvent aie sepaiated by a semipermeable membrane 
which IS permeable to the solvent and not to the solute molecule, the 
latter will exert a piessuie on the membiane as a result of their succes- 
sive impacts on it In dilute solutions “the diffusion pressure” follows 
the gas laws 

O'smoHc Picssuic — Osmosis is the diffusion of a liquid thiough a 
membiane When a salt solution, foi example, is sepaiated fiom water 
by a suitable animal membiane, the watei diffuses thiough the mem- 
brane more lapidly than the salt The level of the salt solution rises 
causing an appreciable hydiostatic piessuie to develop Since this 
pressure is caused by the process of osmosis it is called the “osmotic 
pressure ” 

The osmotic piessuie of a solution is not to be regarded as an actual 
pressure excited by a component of the solution (solvent or solute) but 
lather as the difference m pressure which must be established between 
the solution and solvent, respectively, m order to render the escaping 
tendency of the solvent equal to that of the solution According to the 
molecular kinetic theory, if pure water is placed on both sides of a 
semipermeable membrane which allows the passage of the solvent only 
but not of the solute, the molecules of water being in ceaseless motion 
will bombard the membiane from both sides But when the molecular 
concentration (number of molecules in a unit of space) on both sides 
IS the same it is obvious that as many molecules will pass through the 
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membrane m one direction as in the othei and that no osmotic pressme 
will develop 

If now, instead of pure watei a solution is placed on one side of the 
semipermeable membiane, it is obvious that the numbei of molecules of 
water piesent m it in a unit of volume is less than in the pine 
solvent Under these new conditions, the number of molecules of 
solvent passing thiough the membiane m a unit of time will be less foi 
the solution than foi the pure solvent Thus the equilibiium is disturoecl 
in fa\oi of the puie solvent and this diffeience m pressures constitutes 
the osmotic piesstiie On the othei hand the molecules of the solute 
tend to diffuse into the pure solvent But as the molecules oi the solute 
cannot pass thiough the semipermeable membiane, a piessuie develops 
which represents the diffusion pressme of this paiticular substance 

It is mteiesting to point out heie that equimolecular quantities of 
diffeient substances dissolved in equal volumes of the same solvent exert 
the same osmotic piessuie and produce the same relative loweiing of 


Table 1 — Osmotic Piessuie of Cane Sugai Sohifwns 



vapoi pressure Since equimoleculai quantities of different substances 
contain the same number of molecules, it is evident that the inagmtu es 


of osmotic piessLires and relative lowering of 'vapoi pressuies are 
dependent on the number of dissolved units present in the solution anc 
are independent of the natuie In the same way, Pfeffei shovie t 
the osmotic pressuies increase with the concenti ation to which the} a^ 
proportional In table 1, C denotes the concenti ation of the solution. 
the coiiesponding osmotic pressme expiessed in cubic centimeters 
meicuiy, and ^ the latio of osmotic pressme to concentiation 
It IS clear fiom the figures in table 1 that the osmofic pics^ 
pioportional to the concentration of the solution since q 
mately constant The osmotic pressme exerted by an} ^ 
solution IS the same as it would exert if it weie present as a » 


same volume as that occupied by the solution ressin'c 

We have gone lather extensively into the question of osnio^^p^^^ 
because it is desiiable to show that diffusion or osmotic 
small forces as might easily be believed The} exceed' 

energies, for we hax e seen that the diffusion rate of i} ^ 
the speed of a rifle bullet and, as shown m table 1 t le osi 
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of a 6 pel cent cane siigai solution is equal to 307 5 cm of meicui\ 
that IS. o^ei 4 atmospheies It is lealK manelous how these foices act 
in 0111 oigaiiism m such a smooth and cooidinatecl wa^ 

The sill face ot the human lungs accouhng to Zunt/. is 90 squaic 
meteis oi about 1,000 squaie feet Dunng quiet hieathing 300 ce ol 
OX} gen and about the same quantit} of c.iihon dioxide diffuse thiough 
in one minute If the w'hole sui face w'eie used foi diffusion the amount 
of gas passing pei minute thiough 1 squaie centimetei would be onl\ 
0 0003 cm and could he accomplished accouhng to Exnei with a 
paitial i^essme of onh 1 mm of meicun 

It IS necessai}, how'evci, to icmaik heie that the \clocit\ of diffusion 
IS not onh inveiseh piopoitional to the squaie loot of its densitx as we 
haie pieviousl} said but also that it is piopoitional to the coefficient of 
solubility of the gas in the fluid conceined That is w'h\ the speed of 
diffusion of caibon dioxide thiough a wet membianc is thnt\ times 
greater than foi oxygen, although its density is gieatei This can be 
easily showm by t}ing closed a fiog’s lung filled wntb oxigen oi 
atmospheiic an and placing it in an atmospheie of caibon dioxide 
Within a minute the lung is distended owmig to the diffusion of caibon 
dioxide into it, foi the coefficient of solubiht} of caibon dioxide is 
thiity times gieatei than that of ox}gen 

Oxygen and caibon dioxide aie not meiely dissohed in the plasma 
of the blood The bulk of oxygen and caibon dioxide is in chemical 
combination in the blood Ihe fiist combines wnth hemoglobin, the 
second with alkali 

The Dissociation Citivc of Hemoglobin in Relation to Rcspii ation — 
The oxygen-hemoglobin compound has the piopeit} of dissociatmg 
with a fall in the partial piessuie of oxygen, this dissociation is com- 
plete when the oxygen piessuie is i educed to /.eio In this way hemo- 
globin repiesents an oxygen leseive in the led cells which maintains 
constant the amount of oxygen dissolved in the plasma, the lattei 
repiesenting the vapor-pressure above an oxygen solution 

Besides the partial pressure of oxygen in the alveolai an oi tissues, 
another important factoi in the dissociation of oxy-hemoglobm is 
carbon dioxide Inciease in caibon dioxide hastens the dissociation of 
oxygen, it “shifts the dissociation cuive of ox} -hemoglobin to the 
right” and thus facilitates the unloading of ox}gen into the tissues as 
the carbon dioxide in the blood increases Although this is stiictlv 
correct it is, according to Haldane, of much less impoitance than the 
shifting of the caibon dioxide absorption curve in consequence of the 
reduction of hemoglobin 

In fact deciease of oxygen in the blood and hemoglobin unsatuia- 
tion inciease the capacity of the blood foi caibon dioxide piobably 
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because reduced hemoglobin is a more alkaline substance than oxygen- 
saturated hemoglobin The lattei acting as a weak acid keeps carbon 
dioxide out of combination with alkali Whatever the cause of this 
action may be, it is certain that saturation of hemoglobin decreases the 
capacity of blood for carbon dioxide the result being that with high 
oxygenation the partial pressure of carbon dioxide in the blood rises 
although its percentage remains the same Foi this reason more carbon 
dioxide is given off by the blood when its oxygen saturation is high 
(Werigo, Bohi and Halbei stack) Now it follows that if one lung is 
ventilated with a neutral gas as nitiogen and the othei with air, the 
latter will give off nearly 50 pel cent moie caibon dioxide than the 
former 

Decrease m carbon dioxide has another impoitant result, discovered 
by Bohr (1904) and called the “Bohr effect” Such a decrease shifts 
the dissociation cuive of hemoglobin to the left so that whereas in the 
lenous blood (caibon dioxide, 45 mm of meicuiy, oxygen, 40 mm of 
mercuiy ) the hemoglobin is 68 pei cent saturated, if caibon dioxide falls 
to 10 mm of mercury the hemoglobin (without any increase in the 
OX} gen piessure) becomes 85 pei cent satuiated Furthermore, the 
oxygen is more fiimly held in combination with hemoglobin so that not- 
withstanding this apparent inciease m ox}gen pressure and absence of 
cyanosis, the oxygen available to the tissues is greatly diminished 

The Regulation of Respiration and Circulation — In a previous paper 
on “Circulation m the Consolidated Lung,” we stressed the point of per- 
fect paiallehsm between ■ventilation of the lung and its circulation ^^ e 
showed by injecting the pulmonary arteiy in the living animal witi 
iodized poppy seed oil 40 per cent and the capillaries with india ink m 
Ringer’s solution, that atelectasis as well as othei varieties of pulmonarv 
consolidation are accompanied by shrinkage of the alveoli an n 
shrinkage and collapse of the alveolar capillaiies Not only do ties 
two piocesses advance hand in hand, but they are also ^ 

lapse of the alveolar capillaiies following ligature of the 
arteiy produces shrinkage of the ah^eoh which ultimately 
atelectasis and inflation of the lung increases blood flow 
lung The cjuestion that interests us now is how this regulation 
and by what mechanism this synchronism is insuied ^ 

“At bottom,” said Haldane “the regulation of the 
chemical legulation, just as in the case of breathing g tissue? 

lespiration are regulated by the metabolic requirements o ^ 
which requirements in the last analysis are represented jj-^geii 

tensions of oxygen and caibon dioxide or more exactl}, n jjs 

ion concentration in the tissues Circulation seems to be so r 
to keep the pressures of oxjgen and carbon dioxide app 
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stead) in the venous blood of an) paiticulai oiigm Dining musculai 
woik, foi instance wheie a use of cat bon dioxide and fall of oxygen 
pressiiie is pioduced, an increase in blood flow tbioiigb the muscles 
follows, with a coiiesponding inciease in venous blood piessure 
(Hendeison and Haggaid. 1918) Kiogh has shown that undei resting 
conditions the gieat majoiit) of capillaiies in musculai tissue aie con- 
tiacted and impeimeable to blood, so that neither blood coipuscles noi 
the finest pai tides of india ink can pass tbiougb them Nor is the full 
arterial blood piessuie capable of foicing them open Wbenevei the 
tissue IS stimulated to activity, howevei these capillaiies open wide so 
that blood can pass tbiougb them fieely “It seems that inci eased 
oxygen and caibon dioxide pioduction with inci eased bydiogen ion 
concentration is the natuial stimulus bunging about an inciease in local 
circulation, the regulation of the lespective ox)gen and caibon dioxide 
piessures distuibed by the inci eased activity of the muscles is thus 
brought about” Once the fundamental fact is giasped, said Haldane 
that the general flow of blood tbioughout the bodv is con elated with 
gas pressuies in the capillaiies, the whole pbysiologv of the cii dilation 
appears in a new light “In fact, so long as the conti actions of the 
ventricles aie complete the volume of blood discbaiged at each beat 
must depend on the extent to which the light ventiicle fills m diastole 
This in turn depends on the late at which blood is let thiough fiom 
the artel les to the veins It is theiefoie the rate at which the systemic 
blood IS allowed to pass thiough the tissues into the venous system that 
determines the amount of blood pumped by the heait, and as aheady 
pointed out, the late at which blood is allowed to pass thiough the 
tissues is determined by then metabolic lecjuirements It is evident that 
in this legulation by both the heart and the blood vessels the nervous 
system plays an important pait, just as in the case of legulation of 
breathing, but the main fact must nevei be lost sight of, namely, that 
the primary factor determining the late of cii dilation is neither the 
heart nor the nervous centers, but the metabolic activities of the tissues 
This IS exactly what Claude Bernard meant when he said m his “Legons 
sur les phenomenes de la vie” that “all the vital mechanisms, varied as 
they are. have only one object, that of preserving constant the conditions 
of life in the internal environment” (the blood) 

Henderson and Haggard in a series of papers on “Acapnia 
and Shock,” showed that a condition can be brought about in 
animals by excessive \entilation of the lungs which washes out the 
caibon dioxide and produces a state of alkalosis with slowing of the 
circulation and consequent great anoxemia The slowing of the circula- 
tion tends, as Haldane remarked to “dimmish the alkalosis in the tis- 
sues but only at the expense of pioducing most formidable anoxemia ” 
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Anoxemia and alkalosis peisist, and shock is pioduced as the circulation 
late deci eases and the heait fails 

Howevei, the condition of shock might be pioduced b} an altogethei 
diffeient mechanism, especially in postanesthetic conditions In these 
cases as Van Sh ke, Van Slyke Austin and Gullen, Ronzom, Leake and 
otheis have shown, instead of an alkalosis as in acapnia, theie is ahvais 
a moie oi less pionounced degiee of acidosis with deciease m alkali 
leseiAe a decreased partial piessuie of carbon dioxide m the alveolar 
air and an inci eased h}diogen ion concentration (low />h) This condi- 
tion, which is similai to the condition frequently observed in cases of 
nephritis and diabetes due to nonvolatile acids, has been desciibed by 
Hasselbach and Gammeltoft as ‘Tincomirensated acidosis” and by Van 
Slrke as “uncompensated alkali deficit” The carbon dioxide (m the 
form of carbonic acid) is high and not decreased in proportion to the fall 
of blood bicarbonate As Leake and Henderson pointed out, it seems 
extiemely plausible that this acidosis might be due to defectue sugar 
oxidation “Among the essential factors of an efficient oxidation of 
sugar are Adequate supply of sugar, an ample supply of oxygen and 
sufficient insulin to facilitate the piocess Deficiency in any of these 
factors leads to withdrawal of alkali from the blood into the tissues In 
the drnamic equihbiium of this piocess the mass action of oxygen is 
balanced against the mass action of bicarbonate ion and the liydiogen ion 
concentration is a variable dependent (through lespnation) upon the 
latio of oxygen to sodium bicarbonate and tending to lestoie that ratio 
to noimal by the shift of alkali from blood to tissues and vice versa 
(Henderson) Theie is thus a close parallelism between the percentai,e 
of oxygen and the amount of alkali in the blood which might explain 
how anoxemia can produce “uncompensated alkali deficit it uoi 
theiefoie seem possible that between anoxemia and postopeiatn^ 
acidosis there exists a relation of cause and effect It is not witnn 
scope of this paper to enter into this topic which will be dealt uiti m ^ 
forthcoming paper We only wish to point out here the i elation 
between deficient sugar oxidation, acidosis, hypoventilation an 
operative pulmonaiy complications (atelectasis) It would seem 
be a mere coincidence that these complications aie most 
present aftei operation on the upper part of the abdomen, p 
exposure of the livei, exhaustion of siigai reserves 
production and cleci eased ventilation have a part m their pro 
This condition of hyqroventilation favors “respiratory 
leads to atelectasis by'- facilitating bionchial retention airc ° 
and thus to the absorption of alveolar an by the venous b oo 
m the peiiaheolai capillaries 
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In 01 del to piescnt all the elements necessaii to the complete com- 
piehension of this piohlem it is essential to deal with the composition 
of alveolai an and the gases of the venous blood 

Cow position of the AlvcoIai An — The composition of the aheolai 
air, analyzed according to the method of Haldane and Pi lestlex , can be 
considered, in noimal peisons at lest and at aveiage baiometiic pies- 
siiie, as follows o\^gen 15 pei cent, caibon dioxide, 5 pei cent, 
nitiogen, 80 pei cent (Haldane’s figuies aie carbon dioxide, 5 6 pei 
cent, oxygen, 14 5 pei cent ) In oidei to simplify the question, we aie 
going to considei 760 mm of meicur\ as the noimal piessuie m the 
lung In leality, the alveolai an being satin ated with water vapoi the 
actual gas piessuie is 760 — 47 = 713 mm of meiciiu, 47 mm of 
meicuiy being the tension of watei vapoi , the eftect of the negative 
intrapleuial pressuie (of fiom 5 to 8 mm of meiciiiy) is negligible 
Knowing the peicentage of the diffeient gases, we can easil} calculate 
then lespective paitial tensions oxygen is X 760 mm =114 mm 
of mercury, caibon dioxide is /lOO X 760 mm = 38 mm of mercuiy , 
and mtiogen is «°/ioo X 760 mm =608 mm of meicury 

It is understood that the foiegoing figuies aie only approximate and 
represent composition of the air contained m the an sacs From here 
toward the outside (atiia, bionchioh, bronchi, tiachea and larynx) the 
respiratoiy air approximates moie and moie the composition of atmos- 
phere air, that is, oxygen, 20 05 pei cent, caibon dioxide, 0 03 per 
cent, nitrogen, 79 02 pei cent, so that in analyzing the expiied air one 
finds it poorer in oxygen and richei in caibon dioxide as specimens are 
taken deeper in the lung As one follows the gases from alveolar air 
and arterial blood to venous blood and to the lymph of the tissues the 
oxygen gradually deci eases and the carbon dioxide increases 

The alveolar air is sepaiated from the venous blood by the endo- 
thelium of the air sacs and of the capillary vessels which cover their 
external suiface and by a negligible amount of extiemely thin elastic 
and smooth fibers In some species, as in buds theie intervenes only a 
^asculal endothelium, because theie is not a real respiratoiy epithelium 
but only a homogeneous hyaline membrane — an extiemely thin film 
Through this respiratory membiane the exchange of gases between 
alveolar air and the venous capillaries takes place 

Venous Blood — There is a great variation in the figuies given by 
different authors in the composition of the gases contained in the 
venous blood in contiast to the figures for arterial blood which are 
lemaikably constant AVe shall use the figures given by Loewy and 
'Oil Schioetter for man, to which the figures given by Henderson and 
Haldane approximately conespond oxi^gen, 5 per cent, caibon dioxide 
6 pel cent These conespond to the following partial pressures 
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oxygen, 38 min of mercury, and carbon dioxide, 45 6 mm of mercury 
The partial pressure of nitrogen is the same as in the alveolar air, 
608 mm of mercury, although its percentage is extremely low 

The question of gas pressures in the venous blood and more particu- 
larly in the venous capillaries of the lungs is of paramount irapoitance 
The exact deteimmation of these pressures is not an easy task Two 
methods are generally used One is a direct analysis of the venous 
blood taken from the right ventiicle, the othei is an indiiect determina- 
tion by one of the following methods the “hose method” of Haldane 
and Priestley or the “bionchial plugging” method of Siegfried 
Wolffberg The latter, less well known and seldom reported, bears an 
important relation to oui work The lationale of this method is that 
if a bronchus is occluded, the air entiapped m it will after a while leach 
an equilibrium with the gases of the venous capillaries, so that a quanti- 
tative analysis of this air is equivalent to a gas analysis of the venous 
blood Bechei (1855) and F W Mullei (1870) tried to realize this 


Table 2 — Results of Gas Analysts (Wolffbcig) 


Duration of Obstruction 
of the Bronchus, 

Amount of Gasps in the Alveolar Air, 

100 Tol of Gas 

Minutes 

Carbon DiOMde 

Uxvgcn 

1 0 

17 

40 

20 

10 

S 1 

50 

38 

3 0 

05 

12 

2 / 


equilibrium by the voluntaiy holding of lespiiation But, as Donders 
remarked, a short suspension of respiiation is not sufficient to esta isi 
an equihbiium between alveolar air and blood gases, whereas, on 
other hand, a piolonged cessation will cause an increase of ° 
dioxide in the blood We shall give a detailed desciiption o 
method of Wolfifbeig which is similar to ours, although use 
different objective Loewy and von Schioettei applied a sim 
method to man (1905) 

Wolffberg, working in Pfluger’s laboratory (1871), use 
catheter of Pfluger (fig 1) With this cathetei he was able to o 
a bronchus foi a time vaiying from three to ten minutes 
duced this catheter in the trachea of dogs, previously 
without anesthesia The terminal balloon of the catheter^ central 
inflated, thus plugging the chosen bronchus , but throng i j,,c 

tube of the catheter the investigator was connected with t 
and was able to draw a specimen of air for anal>sis m ^ 
results are exti emely significant We give his results in ta i 

The figures in table 2 show clearlv that carbon dioxi e in^^ 

OX} gen diminishes pi oportionately to the duration of occi 



CORYLLOS-BIRNBAUM—AIJ'EOLAR GAS EXCHANGES 1229 


approximate equilibinim is obtained, at which time the composition ot 
the venous capillaiy blood can be deduced from the percentages of gases 
present in the obstiucted lung 

The same question was studied in a similar way by Loewy and von 
Schioetter in a truly monumental woik on lespnation These authors 
experimented directly on human beings by producing a temporary 
obstruction of a bronchus The determination of the exact tension of 
gases m the alveolai an after a bronchial obstiuction sufficiently pio- 
longed to establish an appioximate equilibrium of gas between alveoli and 
blood enabled them to calculate the amount of oxygen carried by the 
arterial blood and the amount of oxygen utilized in the oiganism, the 



Fig 1 — Pfluger’s lung catheter (fig I) and gas analysis apparatus (fig II), 
used by WolfYberg for bronchial obstruction and analysis of the entrapped 
alveolar air The catheter is composed of an elastic tube, dddd, which terminates 
in an elastic balloon, ini This catheter is known in obstetrics as the Tanner 
catheter used for inducing premature labor At the end of the catheter a glass T 
tube (ts) was introduced, the vertical branch of which (ti) was connected with a 
rubber bulb (B) which could be separated from the catheter by a stop-cock (H) 
A fine glass tube, kik^ is introduced through the horizontal branch of the glass 
tube into the catheter and the balloon (ii) at the tip of which a hole is made 
through which the tube can pass to the outside The posterior half of the hori- 
-'ontal branch of the T tube is filled Avith cement around the fine glass tube, so 
that the latter leads from the entrapped alveolai air to the outside, once the 
catheter is introduced m a bronchus and the balloon (ii) inflated, samples of air 
can be taken for anahsis 
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blood velocity, the hea.t output and finally the wo.lt of the iiea.t Then 
techuic consisted in intioducng into the t.achea of the plems " 
specia o s luctive appaiatus similai to the lung cathetei of Wolffheig 
(hg 2 Its mtioduction was accomplished thiough the tiacheal fistiih 

:“ftrr 

r. ! t ^-eahesia ivith cocan, e appiietl 

to the laivngotiacheal mucosa as in the usual bronchoscopi Then 

fixed T' * 11 ' h'hes 1 S and 0 7 mm m diameter, 

a tiael ° “ T “ O' ‘'"0«Sh 

a tiacheal fistula At the distal end an elastic balloon was attached ni 



Fig 2 — Lung catheter of Loew 3 ’' and von Schroetter On the left side is the 
catheter, with the terminal balloon , it is a double metal tube one tube being con 
nected to the balloon and the insufflating bulb and the other with the entrapped 
alveolar air on the one hand, and with the apparatus for taking gas spccimciiN 
figured in the right side of the picture, on the other Between them is adapted a 
syringe for aspirating the entrapped air and sending it into the gas-sainplni-- 
apparatus (from Loeivv and von Schroetter) 

such a mannei that it could be insufiflated thiough the smaller ot 
tubes, wheteas the othei (larger) tube was teinunated below the 
loon and it was in communication with the pulmonan air btiou • ^ 
obstruction The othei end of this tube was connected with a 
tube, closed by a stop cock fiom which samples of air could be e. 
b} a sMinge fiom the occluded lung foi analysis The 01 a! end ot 
small tube was connected wuth an insufflating bulb for inflation 0 
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bronchial balloon Both tubes could be passed in an an -tight mannei 
thiough a T foim mouth Aalve (soniCAvhat smnlai to that used in basal 
metabolism) which was connected with a spiiometei and an mspiiator\ 
A'ahe foi 'Uieasuimg the expned air coming from the nonplugged lung 
(figs 3 apjd 4) 

For th^ intioduction the authois used the tollowing technic The 
right bionchus AAas alwajs used because of its moie Aertical duection 
After cocainization of the launx, the bronchoscope was mtioducecl A 
site in the right bionchus w'as selected foi the obstiuction The distance 
of this site from the upper teeth was caiefulh measured on the bion- 



Fig 3 — The Loewj and \on Schroetter lung catheter introduced through the 
mouth and trachea into the right stem bronclius To the apparatus is connected 
a mouth tahe which is connected to a spirometer (from Loewi and ion 
Schroetter) 

choscope, and the instrument was remoted Then bi the use ot a 
tongue spatula, the patient being seated with the head m Inperexten- 
sion the epiglottis was retracted, the glottis seen and the lung catheter 
genth introduced into the light bronchus so that the balloon was at 
exact!) the distance pi evioush lecorded thiough the bronchoscope The 
balloon was then inflated and the mouthpiece if necessar) put m place 
Aftei a few tiials the patient was accustomed to the apparatus so that 
Loew\ and a on Schroettei AAere able to maintain the apparatus m place 
foi as long as fort}-tAAO minutes Specimens of gas Aiere draiin eieri 
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n-miute or so fiom the oial end of the tube, so that it was possible to 
follow the successive modifications hi ought about in the composition of 
the entrapped alveolar air 

The time necessary for the establishment of an equilibrium between 
the gases of the blood and alveolar air, according to Wolffberg, was 
short, only a few minutes for dogs In the expeiiment on man by 
Loewy and von Schroetter. this was generally obtained within from 
six to seven minutes Loewy and von Schroettei found that the size 
of the occluded part of the lung has little importance for the rapidity of 
establishment of the equilibrium It even seems that when an entire 



Fig 4 — Ihe same lung catheter (Loewy and von Schroetter trachesi 

The apparatus is introduced into the right stem bronchus ^ 
hstula of a tracheotomized patient (from Loew> and von c 


lobe 01 an entiie lung is occluded the equilibiium is esta 

more rapidl) This mav have some bearing on the ° is 

Van Allen Lindskog and Richtei, that if a tertiai} 

obstructed an will penetrate the obstructed portion of t 

the sunounding alveoli, through what they describe as a 

We shall discuss this point latei Loewy and von follow '’’g 

hovvever that the decrease or oxygen in the circulating 

the occlusion of an important poition of the 

unhampered circulation speeds up the passage o m the’f 

into the capillai} blood because of the increase ci 
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respective partial piessures It is interesting to note here that Loewy 
and von Schroetter in this experimental -work had already stated 
1 Prolonged obstruction will necessarily lead to atelectasis by com- 
plete absorption of the alveolar air 2 During this process of absorp- 
tion the intra-alveolai pressure in the occluded lung remains within 
normal limits They explained this fact m the following way The 
arterial blood will be polluted by its mixture with unaerated blood com- 
ing from the obstructed lung the percentage of caibon dioxide vvill 
rise and oxygen decrease proportionally to the area of the obstructed 
pulmonary segment In order to expel the excess of carbon dioxide the 
healthy lung is proportionally hyperventilated This is effected by deep- 
ening of the respirations much more than by' the increase in respiratory 
rate This increase in size of the healthy lung augments the effect of 
the elastic recoil of the obstructed alveoli in their process of collapse 
while the gases are being absorbed This positive pressure, the value 
of which IS regulated by' the extent of the occluded pulmonary' area, 
exactly neutralizes the “negative pull” which theoretically, at least, 
should be exerted on the shrinking alveoli of the obstructed lung The 
data furnished by Loewy and von Schroetter were of great help to us 
although we discovered this article when our work was already' termi- 
nated , we 1 eached similar conclusions and used a somewhat similar 
technic completely independent of these authors 

It IS peculiar that with the rather extensive clinical and pathologic 
knowledge concerning atelectasis, and notwithstanding these valuable 
data available in the literature none of the many' investigators on atelec- 
tasis has put the mechanism of its production on a sound phy'siologic 
basis 

EXPERIMENTAL WORK 
TECHNIC 

In pieMous papeis we showed that atelectasis can be constantly' pio- 
diiced experimentally if a bronchus is obstiucted in an air-tight manner 
For this purpose we elaborated a specially' constructed catheter with a 
one-way' valve elastic balloon which was introduced by' the bronchoscope 
in a chosen valve of the dog This balloon desciibed elsewhere, can be 
inflated fioin the outside and then detached from its connection and left 
in place Roentgenographic examination of the animal placed on a 
special stand for obtaining symmetrical pictures shows the characteristic 
pictuies of atelectasis with the displacement of the heart, the trachea 
and the diaphiagin to the affected side, and opacity of the affected lung 
We belie\e that if we were able to produce atelectasis regularly' it was 
because we used as an obstructn e agent an elastic balloon and not a solid 
plug of cork Mood 01 metal, such as that tried by others before and after 
oui nnestigations We aie commced that a solid body cannot com- 



1234 


ARCHIVES OF SURGERY 


pletelv obstiuct a bionchus which yields and the diametei of which 
changes constant]}- with expnation and inspnation - 

The solution of oui piesent pioblem, howevei, lequiiecl a new 
technic We had to devise an instuiment that would enable us to 
obstiuct completely a bionchus thiough the bionchoscope — in oidei to 
avoid opening of the chest oi tiachea We must also be able to diaw 
alveolai an fiom below the obstruction foi deteimination of gas per- 
centages and intiapulmonai} piessure Aftei a numbei of tiials we 
constiucted the following two types of appaiatus. which gave us lull 
satisfaction 


Inti abi onchial Cauiiuhts — The first apparatus is composed of two thin-walled 
brass tubes of 1 and 2 mm interna! diameter, respectively, and SO cm long The 
external diameter of both tubes soldered together does not exceed from 6 to 7 
mm , so that the instrument easilv passes through Jackson's full lumen 9 nim 
bronchoscope The narrow tube terminates IS mm proximal to the larger one, 








Fig 5 — Intrabronchial catheters of Coryllos and Birnbaum lo e 
composed of a large external metal tube (5 mm m diameter") I 

a free end surrounded by a crown (]') in order to avoid closure ® 
bronchial mucosa A smaller tube passes into this tube and emerges 
its distal end 1', where this tube is soldered, so that there is no co 
between tubes 1 and 2 Around the distal end of the small tuie^is ,,, 

of rubber tube, so that when air or fluid is introduced througi - i 
distended, forming an obstructing balloon, as outlined S-J is snnllci' one 

m the text, showing 3-3' the lai ger, bronchial tube and - . ([epicted i” 

which serves for the inflation of the obstructing balloon wlncr is no 
the picture 7-S is the latest model , it is more detailed ut is 
different from the preceding ones 

which IS longer and has around its free end a wore crown niidc 

b\ bronchia! mucosa For tlie same reason small atera o 
around this end Above and below the distal opening^ o tuiw 

brass rings are soldered around it, each of them beariiio a ® niodibcat'O'’' 
small rubber balloon Several models with more or ess small 1”"' 

were made In figure 5 I'-l shows a bronchial catheter m ' it' di 

tube passes inside the larger tube throughout its lengt t an e » ^ ^ 

2 The ingenious tracheal cannula described In T 
does produce a complete bronchial obstruction it we 
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end, where it is filed down level vith the outside tube, to which it is carefulh 
soldered Models 7 and 11 are the latest modification A piece of fine india 
rubber tube (the tubing used for Kolman’s urethral dilator is excellent) is put 
over the distal end of the cannula and securelj tied around the groove with fine 
silk thread This rubber tube is infiated through tlie small metal tube after the 
instrument is introduced into the chosen bronchus and forms an obstructing 
balloon The accurate inflation of the balloon is one of the most important points 
of the technic'’ It must be sufficient to obstruct the bronchus completelj, but not 
so excessive as to interfere with the circulation and innervation of the bronchus 
or with the ventilation of the other bronchi bi' displacement of the interbronchial 
spur or canna Ihese requirements are imperative, since as a rule these expen- 



Fig 6 — La>-out of closed chest experiment Ihe animal is placed m our 
special x-ray stand (12) and the bronchus blocked by means of the intrabronchial 
catheter (5) connected to the mercur}" manometer 6, (enclosure 14) wdneh allows 
checking up its degree of inflation In each pleural cavitj a cannula is placed 
connected to rubber tubes 7 and S These tubes are connected (left enclosure) b\ 
T tubes to w'ater manometers t/ and 2) and through another tube to a recording 
mercurj manometer, so that it is possible to record on the smoked drum the 
tracing of the right or left pleural cavitj pressures The large bronchial tube 
of the bronchial catheter is connected hi a T tube to a water manometer (3) and 
to a mercurt manometer recording on the same smoked drum (11) \ T tube 

was interposed into the latter rubber tube (4 left enclosure) allowing the taking 
of air specimens of intrapuImoiiar\ air for gas analysis 


ments last for main hours It is necessar\ to know at all tunes w hether the degree 
of inflation and obstruction remains unchanged Tor this reason we dcMsed a closed 
mcrcur\ manometer s\stem (fig 0, 14) the free end of which was connected b\ 
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way of a T tube to a syringe of 30 cc capacity The horirontal tube was con- 
nected through a rubber tube to the small tube of the bronchial catheter By 
pushing down the plunger of the svringe, already filled with water, we could 
inflate the balloon to a size a little greater than the estimated diameter of the 
bronchus on which bronchoscopy had previously been done, and a marker was 
placed at the height of the mercury meniscus in the closed end of the manometer 
The bronchial catheter would then be disconnected After it was introduced 
through the bronchoscope into the chosen bronchus, it would again be connected 
with the manometer and the plunger of the syringe pushed m to distend the 
balloon and bring the mercury meniscus slightly above the previously placed 
marker As long as the mercury stood at this level we were certain that the 
balloon was inflated 

Two types of experiments were carried out 

Closed Chest Ex (lei inient — In the first group, which will be designated bj 
‘closed chest experiment” (hg 6), the animal, under iso-amyl-ethyl barbituric 
anesthesia, was placed on the x-ray stand {12) so that the evolution of the 
experiment could be watched by fluoroscopy and roentgen-ray pictures The 
intrapleural pressures during the experiment were taken by two water manom- 
eters {1, 2) connected with two cannulas introduced into the pleural cavities 
of the animal Through the bronchoscope the pulmonary cannula was intro- 
duced and the balloon inflated, as alreadv described The larger tube of 
the bronchial catheter, which communicated with the entrapped pulmonar) 
air, was connected to a water manometer (S), to a recording mercury manometer 
and at times through a T tube (4) to the sampling bulb for analysis of specimens 
of alveolar air In this way it has been possible to follow simultaneously tie 
intrapleural pressures and to record them on a smoked drum (11), to read an 
record the intrapulmonary pressure in the obstructed lung, to follow the changes 
in the percentage of the entrapped alveolar air and to check up by fluoroscopi 
and roentgenographic examination the progress of atelectasis At the same tune, 
the closed mercury manometer connected with the small tube of the mtra ronciia 
catheter enables us to know' exactly the degree of inflation of the obstruc i » 
balloon 

Open Chest E i penmeiit —The second type of experiment will be 
‘‘open chest experiment ” In this series the chest of the animal (un er iso 
ethyl barbituric acid anesthesia) was opened by mediosternal section 
tracheal insufflation was being given After careful hemostasis, tie 
w'idely retracted bv two Balfour self-retaining rectractors fixed to tie 
the wound by stitches passing through the intercostal spaces so as to a 
placement The animal was then earned to the oscillating laciium ° 
a detailed description of which has been given m a previous and 

w'as passed through the rubber tissue cuff ( 6 , upper right ang e pf 

this was applied around the previously shaved and petrolatum ^ tliroiigb 

the animal by means of cotton bandage ( 7 ) Intratrachea msu 
the bronchoscope was only interrupted for the few' seconds necessa^^ apph^^^ 
head of the animal through the rubber cuff Then the glass jotzUnS 

secured to the box to make it completely air-tight In the re'olu 

valve (S) W'as connected w'lth the suction faucet (10) and tie betore 

tions per minute regulated to the respirator} rate of the operatic'’ 

opening of the chest The intrapleural pressure was tavcn e^o^ „afer ma'ic'"' 
the oscillations of negative pressure in the box (indicate m ^,551, re ct 
eter 9) , w’cre regulated so as to be equal to the intrap eiir 
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animal before opening of the chest iTom now on the intratracheal insufflation 
must stop, and the animal will breathe w ith its chest wide open at the same rate 
and with the lungs under the same negative pressure as in the closed chest Mois- 
ture and temperature inside of the box were kept as near normal as possible 
Figure 8 IS a photograph of the lay-out of the whole experiment It has been 
repeatedly possible to keep the animal in fine condition in the box for from eight 
to fifteen hours A small tube was prorided for, through which saline solution 
could be given subcutaneouslj if necessarj' without disturbing the experiment 
We wish to point out that this box is based on a different principle from the 
differential pressure chamber of Sauerbruch In the latter, only one pleural 



F'g 7 — Lay-out of the open chest experiment m the oscillating vacuum box 
After the chest is opened the animal is placed m the air-tight box (1) the cover 
of which (2) IS made of plate glass The head of the animal protrudes through 
the opening in the box, and the rubber tissue cuff attached around this opening 
{6, and upper left corner enclosure 6) is fixed around the neck of the animal, 
previously shaved and anointed with petrolatum, by a bandage (7) The rotat- 
ing valve (S), interspersed between the suction apparatus (JO) and the box inlet 
(3) insures an oscillating vacuum in the box This pressure is measured by the 
Mater manometer (9) and is equal to the negative intrapleural pressure of the 
animal taken previous to operation Inlet 5 serves to regulate the pressure in 
the box A rubber tube passes through one wall of the box and is connected to a 
reservoir w'lth plri siologic solution of sodiun chloride , bj this means fluids 
can be administered under the skin or into the peritoneum of the animal during 
the experiment Through the bronchoscope (11) the bronchial cannula is intro- 
duced into the left stem bronchus, and the balloon which is to occlude the 
bronchus is then inflated b^ means of the s\ nnge-mercurj manometer arrange- 
ment described m figure 6 The large tube of the cannula, in communication with 
the entrapped intrapulmonar\ air is closed off unless samples of air are to be 
withdrawn through it for gas anahsis 
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cavity being open, the steady and nonoscillating dififerential pressure (hjpo or 
hvper) ser\es to keep the lung of the opened half-chest distended while the otlie- 
lung breathes normally In our box, on the contrary, both pleural cavities being 
widely opened, no respiration can take place unless there is an oscillation in the 
negative pressure box 

EXPERIME^TAL MATERIAL -\ND PURPOSE OF INVESTIGATION 

The expel inients were cat tied out exclusively on dogs, from 10 to 
20 Kg in weight, because of the i datively large diameter of their 
tracheae and bionchi, which allow easy inti abronchial manipulation 



Fig 8 — Open chest experiment senes Photographic view of the 


Fort} -seven animals weie used foi this {-ent 

They weie anesthetized bv the intrapentoneal injection 

solution of iso-aiu} 1-ethyl baibituric acid, 55 mg per ^ to six 

weight being given with additional smaller doses ^^^er ^jcd 

hours, thus prolonged anesthesia was made possible ’ao 

from the anesthetic The otheis withstood the anestietic 

long duiation of the experiment 

In this woik the points investigated were the follovi 

lobe after compb 

(1) The fate of the alveolar air entrapped m a pu mona 
occlusion of the corresponding bronchus 
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(2) The changes produced in the entrapped aheolar air as indicated 
successive gas anal\ses 

(3) Whether entrapped air is absorbed and at what rate 

(4) The speed of absorption of the different gases composing the aheolar 
air (owgen, carbon dioxidel when introduced indiMdualh into tlie lung of the 
living animal prexioush rendered atelectatic and what gas exchanges take place 
thereafter 

(5) What happens when neutral gases are introduced separatch into the 
atelectatic lung (nitrogen, Indrogen and helium) 

(6) How the respirator\ membrant beba\es toward anesthetic gases or 
^apors (nitrous oxide eth^lene, eth\ 1-chloride ether \apor) 

(7) The changes, if an\, m the intrapulmonar\ pressure during the process of 
gas absorption 

The lesults obtained in successful expeiiments have been nnifoim, 
with small diffeiences within limits of expeiimental eiroi, ineMtable 
tvith expeiiments so complicated and of such long duiation Befoie 
examining each of the foiegomg questions sepaiateh the protocols ot 
four expeiiments rvill be given two of the fiist t}pe (closed chest) and 
two of the second t}pe (open chest) Each of them is i epi esentatn e 
of the lespectne Hpe 


ABSORPTIOX or OWGEN AND C-\RBON DIOXIDE 


Closid Chest Expiiiiitciif (dog 489) — The experiment lasted nine and a half 
hours 

^Ia\ 5 1930 11 45 p m The rubber balloon on the cannula was introduced 

into the right lower bronchus 

11 52 p m The balloon w'as blown up with 3 cc of water 

11 54 p m A sample of sas w'as obtained trom the obstructed lung 15 cc 

It contained 5 85 per cent carbon dioxide and 9 05 per cent oxi gen 

12 03 p m A. sample of gas contained 5 98 per cent carbon dioxide and 

6 66 per cent oxi gen 

12 17 p m A sample of gas contained 5 9 per cent carbon dioxide and 6 43 
per cent oxigen 

12 28 p m \ sample of gas contained 6 1 per cent carbon dioxide and 

7 36 per cent oxi gen 

12 41 p m A sample of gas contained 607 per cent carbon dioxide and 
6 15 per cent oxigen 

12 52 p m A sample of gas contained 6 05 per cent carbon dioxide and 
6 02 per cent oxi gen 

1 21 a m Onh 2 cc of gas could be obtained 

1 35 a ni A roentgenogram showed a definite shift of the heart to the 
right 


1 53 a m One biindred cubic centimeters of oxigen was introduced into 
the obstructed lung Roentgenograms taken one and two minutes later showed 
the heart shifted to the left 

1 58 a 111 V sample of gas trom the obstructed lung contained 6 94 per cent 
carbon dioxide and 51 2 per cent oxigeii 

- 10 a m A roentgenogram showed the heart again back to the right side 
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12 38 a m sample of gas contained 30 per cent of carbon dioxide, the 
sample A\as insufticient for oxjgen anahsis 

12 41 a m All the gas was absorbed, the lobe was again atelectatic 
1 02 a m One hundred and fifty cubic centimeters of 100 per cent ether 
^apor w'as introduced to distend the low'er lobe 

1 03 a m All the ether w'as absorbed , the lobe w^as atelectatic again 

1 09 a m One hundred cubic centimeters of nitrogen was introduced into 

the left low’er lobe 

1 25 a m The heart stopped beating, the lung was unchanged 
Summary The absorption time tor oxjgen a\eraged 15 minutes, for carbon 
dioxide, 15 minutes, for equal parts of carbon dioxide and oxjgen, 4 minutes, 
for 100 per cent ether ^apor, 1 minute 

ABSORPTION or v^lRious gases by the lung 

Closed Chest Expcniitcut (dog 511) — The dog weighed 22 Kg Fluoroscopic 
and roentgenographic control w'as emplojed 

Ma3 23, 1930 2 00 p m Iso-amyl-ethj 1 barbituric acid, 60 mg per kilo- 

gram of body weight, w'as used The animal w'as asleep at 2 14 p m 

3 45 p m The animal w'as placed on the stand , a double bronchial cannula 

was introduced, and the left lung obstructed b3' inflation of the balloon 

4 30 p m The left lung w'as irrigated with 0x3 gen It appears that the 
side of the cannula W'as obstructing the left upper lobe and the balloon the left 
low'er lobe, but the obstruction did not seem complete because on aspiration of the 
cannula the lung did not appear to decrease in size under fluoroscopy 

5 30 p m The left lung was again blocked and irrigated seven times w'lth 
oxygen 

5 35 p m In the first roentgenogram the ox3'gen was showm to be absorbing 

6 30 p m A second roentgenogram w'as taken 

7 05 p m Ox3'gen 275 cc , was introduced into the left lung b3’’ means of 
the pneumothorax apparatus w’hich registered an intrabronchial pressure of from 
+ 1 to 2 during the introduction A third roentgenogram w'as made (fig 9 A) 

7 20 p m A fourth roentgenogram showed complete absorption of 0x3 gen 
in the left lower lobe (fig 9 5) 

7 35 p m No further change w^as noted, 225 cc of 0x3 gen was again intro- 
duced A roentgenogram w'as made 

7 52 p m Fluoroscop3" show'ed complete absorption of gas 

8 00 p m Carbon dioxide, 290 cc, was introduced (fig 10 A) 

8 05 p m Fluoroscopy show'ed complete absorption of gas 

8 10 p m A roentgenogram confirmed the fluoroscopic obsenation 

8 30 p m Fluoroscopi show'ed perhaps a slighth greater absorption than 
at 8 10 

8 47 p m Xitrous oxide, 280 cc, was introduced into the left low'er lobe 
(fig 11 4) 

8 58 p m The roentgenogram showed practicalh complete absorption of 
the gas (fig 11 B) With a siringe 5 cc of serous fluid and 2 cc of froth3 
material was aspirated from the left lower lobe This is the first time fluid has 
been noticed 

9 05 p m Seien cubic centimeters of slighth froth\ fluid was aspirated 
from the left lower lobe 

9 10 p m One cubic centimeter of fluid was aspirated riuoroscop3 showed 
no further absorption of nitrous oxide 
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P'lg 9 (dog 511) — A was taken after the introduction of 275 cc into the left 
lower lobe which appears distended , B, fifteen minutes after the introduction ot 
275 cc of oxygen into the lower left lobe The gas has been completeh absorbe 
The clear area at the base of the left lung is due to an abnormal position of t le 
accessor} (right) lobe, as proved by autopsy See figure 15 
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^50 cc of 

Fig 10 (dog 511) ~A was taken after the introduction oi 
dioxide into the left lower lobe which appears disten e ' na' h'’ 

the introduction of carbon dioxide into the left loner o e 
completeh absorbed 
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9 2S p in KinntiHunni nil *.liim»(| jIm iiiti<'ii>. omiIi li ul linii iI)m.iIii( 1 
1 lirti' culm miiliiiHUis ot imtln lliinl w i*. iMinuil liniii ilu Utt Inwir Inla 

9 -10 j) 111 dwtiiii 27^ n \\ i** iiitiniliiuil mill tlu lifl lnwii lulu nid .i 
rotnluciK'ur nil iiinli 

Owfun ''S 1'' vU'-nvlnd •'hnv.u liv tUiinui-(,up\ 

10 10 p 111 I wii liiimln (1 nul Iiilv mlm 1 1 iiliiiiiU i s ni iiluliiii. w is iiilin- 
diKiil (Im 12 1) 

10 22 p 111 1 lllnl i>si iip\ shnwtd pll(lKdl^ liilll|ilit( disciiplinn 

11 ]> 111 Siviii ( idm 1 1 iiiniK t« 1 s 111 lui pis nid 2 ! n nl siiniis (Inid 
wi-cc i.\Vr\iKd Iroin llu K il hnu' li\ i smuu'i \ im-iUmnimr nn slin\\(.il ni> 
fiirlliLr cli nim ( liu 12 R ) 

M i\ 21 12 10 I 111 llim nid i lull uilm unlniiiUrs m isn- im\ '-lUn 1 
liirliiUiiiL lud \\ 1 “' pi\ui puiiiiiHilK 1 liiiiiiistiip\ sliiiwid nn iiiilliii <.linii,i 

6 10 1 111 (liic nnl mn. lull uilm tiiitniuUrs m iiimiisuniis llnid w is 

ruiKAcd troiu Uk Uh limp nid i UHiUmmipr im iiiidi. 

7 10 1 111 Owpui 2''0 t( u IS mtrixiiuid mtn tlu Uit limu 

7 20 1 111 \liniu 2 (.( oi iru pis tmild In wiihdi iwii tlimiipli tlu hioiuiiid 
c^nmIl i from tilt Itlt low* i lolu 

7 24 1 111 riiioiostopv sliowid tlu disnipiiiiu oi owptii to lit toiiiplttt 

7 21 1 111 C .irlion dio\i(U 271 tt \\ is mtiodiittd into tlu Itit limp 

7 10 I 111 Ilu ilisorptioii of I iilioii dioMiIi \\ is toniiiltlt no striini 

7 11 T 111 r.tluvkiu 271 tt w.is intiodiittd into tlit kit limp 

7 47 T 111 Stiontttn tnlnt itiitiintttrs onI\ ot irtt pis toiild lit witlidriwn 
Mitli a siriiipt from tlit Itft lowtr lolit wliitli \s.is ip.nn mjtcttd in tlit limp 

8 20 a 111 I'lftttn uil'ic ctiitiiiitttrs of fnt pas tonld ht w itlidr.iw ii from 

tlic loft Iiinp tins pas was ittnrntd to tlit limp is m forintr instnitts No 

fluid could lit witlidriwn \ rotiilptiiopi ini was in idt 1 Ills w is no difltrtnt 
than ten iiiimitos ifttr introdiiuum of ctlnkiit Hit pit it mass of tlit pas w is 
absorbed riimlU, Ibt rtsi takmp a lonp tmit 

9 15 a 111 T liert was still 11 tc of fret pis that toiild bt witbdiawn fioni 

the left lower lobt 12 tt was ictiiintd to tlit limp Hit p.is in llie sumpt 

smelled like etlnlcne 

9 40 a in Jwtlit ciiint ttntiiiitttrs of pis toiild still be witlidi.iwn tasih 

10 00 a 111 Itii cubic ctiitimcters of pis could still bt withdrawn tasih 
this was not returned to tlit limp roni tiibic ttiitinitters of iso-<im\ l-ttb\ 1 
barbituric acid w.is pi\tii peritoncdh 

1 40 p m Owptu, 275 cc , was introduced into the left lower lobe 

1 52 p m The ibsorptioii of o\jpcn w.is coniplctt is seen b\ lliioroscopt , 

no fluid could be aspir.Ucd 

1 54 p m C irboii dioxide, 250 cc , w is introduced into Ibe left lowci lobe 

1 57 p m Absorption scemtd complete bt lluoioscopy, no fluid could be 

withdrawn 

2 08 p m Nitrous oxide (w'ater w'ashed), 250 cc , was introduced into the 
left lung 

2 12pm Only thirteen cubic centimeters of free gas could be wathdrawm , it 
was returned to the lung 

2 15 p m Eleien cubic centimeters of free gas could be w'lthdrawii , it 
was returned to the lung 

2 20 p m Ten cubic centimeters of free gas could be w'lthdrawn , this 10 
cc w'as rejected, there was no serum or fluid 

2 25 p m No fluid or mucus could be withdrawn 

“ 26 p lu Nitrous oxide (dry), 250 cc , w'as introduced into the left lung 



Fig 11 (dog 511) — A was taken after tlie introduction of 280 cc of nitrous 
oxide into the left lower lobe , B, eleven minutes after the introduction of 280 cc 
of nitrous oxide The gas has been absorbed 



, , 9rn cc Ot Ctl''!^”^ 

Fig 12 (dog 511) — A vas taken after the introduc ion 
into the left lower lobe, B after the absorption of et % eiie 



coRyi-Los-nih'\n n u— ju lol \r (. /s / \(// 124 s 

2 30 p ni 1 <nirtt,tn cuUic cttUimair> of trie could i)i^ withdriun, it 
\\is returned to tin Itme 

2 33 p in riivtn culm ciiitiiiKti.r'. oi tree u i' could li v itlidr iv ii it 

\\a<: returned to tlie lune 

2 39 p in \ine and oiu-lnlt culm eiiitinuterN oi tree ui'« could \^ ilh- 
drawn it returned to tlie lutm 

2 4S p m Nine ciilnc ceiitiiueter' oi irtt e te w uitlidnuii iron die 

lung and rejected no lluid or ninctis u i'- loiiiid 

2 52 p in The left lime \\a>. irrmate-<l three time- with oweeii 

2 57 p m \b-orption -eemefl complete In Otioro-eojiv no iluid eotild he 

w ithdraw it 

3 17 p in Nitron- omcK 20 ce tea- introduced into the left lower lohe 

3 IS p m Twehe ciihic eeittmieter- oi iree e i*- loiild he withdriwn it 

was rctiirned to the lime 

3 19 p 111 Settn cnhic centimeter- ot irte u could he withdriwn it wa- 
returned to the Uinu 

3 20 p m r<mr ciihic ceiitinieter- f>l tree ea- eould he withdrawn it v a- 
returiied to the lun^ 

3 22 p m Three ciihic centimeter- oi tree e’ >- eould he withdrawn it wa® 
returned to the li ns 

5 50 p III The ah-orjitioii oi sas -tented toinjilete In. fluoro-cop\ \ miv- 
ture of equal part« ot helium and owseii 2('0 ec wa- mtrodiieed into the leit 
lower lobe, and a roentsenogr tin made 

7 20 p 111 \ roeiitgenogr ini showed partial ah-orjition oi ga- 

8 00 p m \nal\sis ot the sas showed 5 86 per cent owstn and 8 29 per 

cent carlxm dioxide The remainder ot the tree sis m the lung 116 cc wa< 
aspirated No fluid or mucus w is louiid riuoro«cop\ showed the Inns to he 
collapsed 

8 08 p m One-half cubic centimeter of nniciis was aspirated 

8 10 p m \ roentgenogram v as niaelc 

8 30 p m The lett lower lobe was irrigated three times with helium iiid 
then 175 cc of helium (pure water-washed) was introduced into the left lower 
lung riuoroscope showed the lower lobe to be distended 

9 15 p m Be fluoroscope, the left lower lobe seemed shglith increased in 
size 

9 20 p m Tw elite cubic centimeters of gas eeas withdrawn from the lung 
for analesis, which showed 5 83 per cent oxegen and 9 34 per cent carlxin dioxide 

10 30 p m There was no apparent change in the lung 

12 00 p m There eeas no apparent change ii the lung 

Mae 25, 1 00 a m Thirte-fiee cubic centimeters of gas was withdrawn 
from lung for analesis, eehich slioeeed 5 34 per cent cxegen and 622 per cent 
carbon dioxide 

1 10 a m One hundred and forte cubic centimeters of gas eeas eeithdrawn 
leaemg 15 cc of aeailable gas m the lung Fluoroscope showed the left lower 
lobe almost totalle collapsed 

2 00 a m The last 18 cc of aeailable gas eeas eeithdrawn for analesis, 
eehich shoeeed 525 per cent oxegen and 6 64 per cent carbon dioxide 

2 10 a m The lung eeas irrigated flee times with oxegen 

2 15 a m Xo free gas or fluid could be aspirated Fluoroscope shoeeed 

complete collapse 

2 20 a m Teeo and one-half cubic centimeters of iso-amel-ethel barbituric 
acid eeas administered 
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3 30 a m Eighty cubic centimeters oi physiologic solution of sodium 

chloride was given subcutancouslv 

9 10 a m Fourteen and one-half cubic centimeters of iso-ann!-et!nl 

barbituric acid was given The dog breathed quietly 

11 00 a m A roentgenogram was made 

12 25 p m A roentgenogram was made 

12 30 p m The animal was killed bj intravenous injection of 10 cc of a 
saturated solution of magnesium sulphate 

Post ^Mortem Ihe left upper lobe uas completely atelectatic The left lower 
lobe was completely atelectatic and moderately edematous (hg 13) 

Open Chest E\ pci uncut (dog 504) — The dog weighed 12 Kg 
ifar 17, 1930, 10 30 a m Iso-amyl etlul barbituric acid 60 mg per kilo- 

gram of body rveight, was gnen 


Fig 13 (dog 
from the chest 



j 

511) — Posterior view of the (left, atelectaticl luHo 


11 55 a m Ephednne sulphate one-half gram (0 32 mg) c, 

cutaneouslj the respiratory rate was 16, the pulse rate 140 

12 00 a m The animal was placed in the vacuum bov, th^ ’’ P 

was 12, the pulse rate 145 . , pnie'' 

12 37 p m The left lung was obstructed, had been waslie 
with oxjgen and left inflated with oxygen ^ 

1 40 p m Atelectasis wms progressing slowdy he 
once with oxjgen 

1 52 p m The bronchial cannula was wnthdraun ^ inflated 

1 58 p m The cannula wms reintroduced and the balloon m 

2 00 p m The whole left lung was X colW 

introduced each tune The lung wias then aspirated an e 
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2 l=i p 111 Ilii. lop” '■itt w IS in. tlu piilsL rite 12, S llu iii.inoiiKtLi 

LNUirsion (oiR-Inlf tlit nciml 

2 31 ]) 111 \ li'iii; r1<iss tulii- IS i«>nnvt,lt.(l In tin. limiuliiil i ulit-ttr md 

.illowttl to (lip down into i liiftc I'nKn oi w.itti wlmli w is pl.ucd 2 utl (6()M 
dll') IkIow tlu lend ol llic eitlatci It w is imtiiLd tint on iiispir itioii wntir 
wis sucked up to 1 iKifilit of 8 tin ind on t\ini itmn llit luiulit ot tlu column 
went down to 6 cm 

2 sO p m \itiovis oNidc w IS mtioduccd fioiit i tank into a lar^c Icvdiiut 

ludl), imnursnl under w itei to wash out the iir and till it with tiie gis It w is 
tlien disconnected from the tnnk md its oiitht romieeted to tlu ohstriieted luiif; 
In this w i\ 173 ee ol tlie is w is intioduetd o\ti i iieriod of four minutes 

3 03 p m llie resinriton tile w is 12 the pulse late 168 (spout. iiieous 

rcspintion fne per minute) 

3 17 p 111 There were i ipid lespiritore motemeiits independent of the 
iiiaiiometcr e'Ncursion Iwo euhu eiiitimeteis more of tso-nnu l-eth\ 1 hirhiturie 
icid one-fourth prim (16 mp ) of morphine md 2 me ot itropiiie w is pi\en 
siibciit uieoush 

3 25 p 111 J lie lower lohe w is almost eiitireK Iilne tlu up|)ir lohe w.ns 

slighth so The teniiicr iture w is -10 C (H)-l 1') 

3 30 p 111 I he lower lohe w is itelect itie llu uppei lolie was further 

odeanced hut not completeh iirless 

3 33 p 111 The lower lohe w.is eoiiiiileteh .udectntie 
3 36 p 111 1 he teniperntiirc in the ho\ w as 34 L 

3 38 p 111 The uppei lohe was completeh itelect itic except lor a small 

portion at the lulus and a small part of the periplun 

3 45 p 111 Carhoii dioxide (173 cc ) was nitrodnecd into the left lung to 
distend it to the same si/c it was with nitrous oxide (175 ee ) 

3 47 p 111 The gas was ihsorbing lapulh 

3 53 p 111 There was i diffuse p.iteh\ nuohciiienl o\cr the entire surface 
of both left lobes 

4 02 p ill \telect isis w'as complete m hoth lohes of the left lung 

4 04 p 111 Ftlnl chloiide \apoi was introduced directh into the left lung, 
introduction w'as complete at 4 OA'/j 

4 06 p 111 Atelectasis piogicssed rapidh 

4 10 p m The pulse rate w'as 172, the rcspiraton rate 12, the spontaneous 

respirator> nioecnient was 56 

4 14 p lu Atelectasis was complete 

4 16 p m Ethylene (175 cc ) w'as introduced directlj into the left lung 
4 27 p 111 Absorption w’as going on slow Iv , reflexes w'cre present 

4 45 p m Atelectasis was complete in the lowei lobe except at the periph- 

ery In the upper lobe, atelectasis wxas beginning m the niidportion of the lung 

4 48 p ni Both lobes w'cre about the same as before , the pulse rate w'as 
180, respiratory rate 12 and spontaneous respiration 56 and iriegulai The 
manometer excursion was — 2 to — 7 on one half of the manometer limb 

5 15 p m Atelectasis was still progressing slowlv The tip of the uppei 
lobe and the peiipliery w'ere still expanded 

5 21 p in Atelectasis was progressing definitely but slow'h , reflexes were 
present 

5 29 p m Atelectasis wms complete 

5 31 p m Carbon dioxide (200 cc) was introduced into the left luno- oiei a 
period of fort>-five seconds to distend it completely The tip of the upper'" portion 
of the upper lobe had become drj and adherent to the mediastinum 
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9 (14 p m 11k 1)h 1‘-(. r lU was 161 both llit iiiaiKumtiu iiid spont.mtmis 
icspii itions wctc 18 1 Ik. nimiurntriL lmuisuki w is — 1 to — S'! tin of w.itcr 

9 OS p ni \t\.kcV\sis \s vs covwpktv wv-v-pt fov v kw itcas al lUc puipUcrv 
of tliL uppci pirt of tin upi)ii IoIil 

9 07 p 111 \ti.Uclisis was (.oiiijiktc 

9 li p 111 LtiKt \ ipoi w is iiitiodiiLcd o\Li i pLi lod of one iiiiiuitc iiid 

1 ball 

9 16 p 111 1 be kit hum coll ijistd but leiiiaiued puik lu color — not the 

h\cr-bkc ippeii.iucc of atelectasis 

9 22 p 111 \leleet itie areas weie ippeaiiup: iii the lower lobe and lower 
portion of the upper lobe Misoriitioii w.is jioiiip on ,it .i iiioder ite i ite The 
iiiiiii d w IS show urn cNtieuie evaiiosis 

9 23 p 111 1 be bent was \ei\ iirepulai 

9 2a p ni '1 be niiiiial died 

Post Mortem 1 be left u|ii)ei lobe was eoiiipkteh atelectatic tne left lower 
lobe was edematous fiiibk uid beiiioi rbai;ie 

I'mures 14 I and li .ire lustolopie sections of tbe upiier lobes in closed .uid 
open ebest experiments sbowmp: coni]ikte itekcl.isis riyure la showed intersti- 
tial bemorrliage .md edema ot the bum produced b\ tbe introduction of ether 
vapor into a bum previoush reiideied atelectatic 

I’UOniLMS I.NM silt. MI'l) 

1 Pate of Alveola) Ad Pol) apfycd d) o PiilDtona) v Lobe Aflo Com- 
plete Oeiht^toD of Co) ) ( \po)t(lt»q IPonchns — In all out cxpeiimcntal 
animals atelectasis was piodticcd wuthin fiom six to fifteen hotiis Thet 
wmie all undei deep anesthesia so that the iioint laised bt Van Allen 
and Adams nainel}, 'that animals w'lth a lobai oi laigei bionchiis 
obstmeted do not get atelec'tasis unless they aie insufficiently anesthe- 
tized or have stiained lespiuition. is not veiihed by otn expenments 
On the othei hand, w^e believe that the asseition of these authois that 
wdien a teitiaiy lobe is occluded atelectasis does not occui is collect 
but wm do not agiee entiiely aS to'flie explanation of this phenomenon 
given by them They attiibute it to the passage of an fiom the adjoin- 
ing alveoli thiough micioscopic holes — the alveolai poies present in 
the intei alveolai spaces Such poles do leally exist and vreie desciibed 
long ago A Nicolas, m Poiiiei’s textbook of anatomy (vol 4, p 
528) said, “Is the homogeneous hyaline membiane, wdnch with the 
lespiratory epithelium constitutes the wall of the alveoli, normally per- 
forated or not^ It IS generally conceded that m aged persons intei- 
alveolar perforations can be observed due to local lesoiption and 
atrophy of the lespnatory membranes The major ity of authors 
(Shultz, Koelhkei Water, P E Shultze) deny. the existence of these 
alveolar pores in normal persons Others (Hauseman, F Meikel) 
just as affirmatively argue then existence” Letulle (vol 1, p 13) does 
not admit their existence in normal lungs of young persons but believes 
they may exist in advanced age and calls them “trous d’usure ” This 
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(liscussu)ii htini^s to mind i 1 k* di'-t.nssion .iboiU the cMstiiKc* ol smiilai 
])oics in tlic mediastinum ot the doif I his lattci jnohlem is sol\cd 
lodae 111 la%oi oi the nnnexistcnec of aiwtonnt. poics peinuttmtj <luccl 
commnnicatinn hcti\ccn the two jileui.il t<i\itics, hut tlic mediastinum 
of the do" IS nunc tlie less leadilN jieimtalile to an and c\eu to fluids 
J he same leasonmit .ipphes to the e\tiemel\ thm lesjmatoiy aheolai 
endothelium and thcie is no ueeessu\ foi Uid aiiiitomie openmns to 
explain the iead\ diflusion of .ui ihiouith the luteiaKeol.u sejitums \ 
definite cxpciimental piool ol this toiKtjilion lies in the fact that 



Fig IS — Interstitial hemorrhage and edema m the left lower lobe after intro- 
duction of 100 pei cent ether vapoi into the lung prcvionslj rendered atelectatic 
(open chest experiment) 


wheieas an comes out fiecly thioutjh the cannula obstiuctmg a teitiai\ 
bionchus and continues to come out fm hocus, it will stop immechateh 
if we mtiodtice thiough the cannula a few cubic centimeteis of 100 pei 
cent ethei \apoi, which pioduces edema of the alveolai epithelium 
i his ma> show that patchy atelectasis cannot occm in a healthy lung, but 
just as soon as theie is a slight inflammatoiy edema it is jnoduced 
exactly m the same wa> as when a loliai bronchus is occluded So 
much foi biouchiolai obstiuction 
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rlnPK not exist when a lobai or common bvonchus 

Such a cont.ove.sy loes ^ 

IS obstiucted aVtelectas > the lung cn dilation is noimal 

pletecl but It inevitably occuis Inciease in intrapiil- 

ancl the alveolai enclotbelium n ^ Y obstruction allowing air 

monai> piessuie oi a Py .loes accelerate the completion 

to be expiied but not nispned p.essuie, tins 

of atelectasis In the case mciease m the total and conse- 

acceleiation would occur because components 

quenth of the paitial picssuie j | occui, if such a mechanism 

[see comment) , m the second -se oonfiguiation of 

IS leall) possible m man, mi i ^^^,oolai an is mechaiiicallv 

the bionchial tiee because a p ^^^soibed This is exactl) what 

ehmmated, thus leaving leM an to 1) < ^ 

happened m the dogs of ^-an " “ ^““ed lung But m eve.v 

an was allowed to be ehunnated f. on, the occlu Tins 

case, when a big bionchus is r experiments on dogs 

statement IS p.oved .non, cten, cont. ol Moreover, 

(met 400). with toentgei.ogiaphic and P „p ,„e pio- 

the expeiiments with the open .t at will and at 

duction of atelectasis by di.ect v o and „« coinpo- 

diffeient speeds bv vanmg quantitat j jasis is not produced 

sition of the alveola, gaseous conteih I “ , not coin- 

,tte. bionchial obstuiction, . .„ere ,s but one led 

plete Of the completeness of the of oxygen m 

pioof This IS the rapid decease 1 a > 

alveola, an We think we may state h „ gee. 

bionchial obstiuction the “yS'" the. e ,s not complete '>™ 

fioni 15 o. 16 pe. cent to about 6 cen every e^y 

dual occlusion This p, maple, if jed^ „„«rr» ^ ^ 

mental work on ^pneumatosis (auless"® ‘ 

statements Such being the ) j,,e,e ,s but »« 

following complete bionchial 0 '^“ ; ^l,e„la. blood A P 

fo. the an to leave the king, the venc 

pioof of this will be gi'en P"™"’° , lectas,' 

In the compiessed king as m p ,, p inechanism of a‘' ‘ j 

when fluid IS piesen, m the P'eu.al cavh) , j,, ,ec. 

contiaiy to the p.evailrag opinion 1 j ^^P,e time 

lung collapses the small ,l,at an is cont,"'" 

lumen ib obstiucted Pioot circul 

which will remain theie, unes proved 

foi a sufficient length of time atelectatic oi apue 

collapsed lung ,s not ig that alieolar au P 

less) lung the difference between them 
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in the foimci How then \\ould this an lemain in the jia fectK elastic 
aheoh it theie \\cie no hionthial obstiuction due to the collapse of the 
bionchioh and diicti aheolaics and how would this an disai^pe.u aftci 
a ^^hlle unless it weic ahsoihed 1)\ the eiieiilalon blond 'Iheicloie 
we belie\e that theie is no dilTeicncc \\hate\ei in the piodnction ol 
atelectasis in the obstiiictcd and in the coininessed Inn" 

II Chanqis Piodmid m Enliappid Alvcolin hi (i<; Iiidnalcd by 
Succcss'ivi Gas .diia/y^r^ — I he icsnlts obtained in closed as ^\cll as in 
open chest expeiiinents show that within fioin tw o to se\ en minutes at tei 
bionchial obstiuction the owi^en and eaihon dioxide jieicentaijcs tall 
lapidh to iiom 5 to 6 jiei cent, as seen in the tables thej remain at 
about the same figuies until the complete disajipeaiance of the aheolai 
an Oiii lesults ahsoluteh coirolioiate the lesnlts obtained undei 

T\mi- 3 — Clioiigc^ in Owgtii and Caibon Pimidi Piumlagct Iftii 

Oh a I III lion 


Doe 

lime \ftir Oli'tnirtion 

0\jf,en 

C iirlion DIo\i(I( 

tomimnt 

4(i0 

Before hroneliiiil nbstniction 

14 20 

4 '0 



■) inmuK « 


4 O') 

\nhiiiil ih'imeic iiiul e\iinotn 


"■i minute' 

2 0'» 

4 12 


2 hour', "0 ininiUc' 

2 hour', 20 luinutt' 

100 

3 30 



3 70 

0 07 

\nimiil hn iithes quicth 

475 

10 minute' 

3 1)0 

(. 40 



2") minute' 

t'in 

4 70 



lO minute' 

1(. 70 

3 0') 

Oh'tructiiif, balloon brote 

482 

10 minutes 

(1 1 

0 2 



2) minutes 

0 04 

(. 20 



40 minutes 

0 37 

0 41) 



33 minutes 

3 41 

0 71 



3 hours, 1 3 minutes 

CSl 

0 43 



0 hours, 13 minutes 

3 33 

0 07 



10 hours, 13 minutes 

3 SI 

3 ~>j 



siinilai conditions by Wolflflieig and Loew^) and von Schroettei In 
table 3 are given the lesults w'^e obtained on dogs 

The figuies in table 3 show cleaily that the oxygen and the caibon 
dioxide of the alveolar an tend rapidly to leach an equihbiium wuth 
the gases of the venous blood Oui figures coiiespond closely to those 
given by Wolfiberg It must be lemembered that the lattei lepiesent 
the diy gases at 0 C 

The figures of Loewy and von Schioettei obtained in the case ot a 
patient, aged 31, with a cathetei intioduced through a tracheal fistula 
(case 31) are even closei to ouis befoie bionchial obstiuction ox^gen 
16 94 per cent carbon dioxide 3 04 pei cent, nine minutes aftei obstiuc- 
tion, oxygen 6 31 per cent, carbon dioxide 4 47 per cent tw^elve minutes 
after obstiuction oxygen 5 55 per cent, carbon dioxide 4 86 j^er cent 
Furthermore in animals in which gas analyses were peifoimed until 
complete atelectasis occuried the curves plotted for peicentages of 
oxygen and carbon dioxide show^ that the percentages \ar\ imeiseK so 
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that the cuives cioss one anothei (fig 16) The same fact is shoun 
b} the figiues given b} Wolff beig and Loewy and von Schroettei, 
although It had not atti acted the attention of these authors Latei we 
shall point out the impoitance of this point foi otii theoi) Fioni the 
foiegoing consideiations it is cleaily seen that the entiapped aheolai 
an lapidlj (in fiom one to fifteen minutes) undergoes marked qualita- 
tive changes, the peicentages of oxygen dropping and of carbon dioxide 
using, so that then lespective paitial piessuies tend to come into eqin- 
hbiium vrith the conesponding gases of the venous blood These 
changes occur in exactly the same wa> in animals as in man 

III Is Entiapped An Absorbed, and at What Rate ? — The qualita- 
tive changes of the entiapped aheolai an entitle us to deduce that 
quantitative changes in the mass of the gas must simultaneoush occiu 
and lead to its total absoiption In the venous blood 

Table 4 — Rtguics of JVolpbcig 


L\periinent 2 (\\ olffberg) 

Before bronchial ob>!truction 

1 minute after obstruction 

2 minutes after obstruction 
a minutes after obst’-uetion 
4 minutes after obstruction 
■) ininutts after obstruction 
G minutes after obstruction 

experiment 1 (WoltTbergi 

Before bronchial obstruction 

2 minutes after obstruction 

3 minutes aftei obstruction 

4 minutes alter obstruction 
6% minutes after obstruction 


Dog inr dyspnea 

In pieviotis communications we have given abundant expenmei < 
e\idence showing the pioduction of typical atelectasis aftei comp 
bionchial obstuiction Roentgenogiaphic, pathologic and histolo^jic^^^^^ 
dence has been given by many othei investigatois as well A nm 
tnbution to this clemonstiation has been made by oui expeiime 
animals with chests wide open and kept alive in our oscillating k 
pressiue box The animal was in this box undei conditions i 
obserxation The slightest changes m the physical chaiactei 
lungs aspect coloi and size, could be lecoided undei 
befoie and aftei bionchial obstuiction Moieovei althoiig 
■was wide open, the animal was undei comparative!) norm. ^ 
of lespiiation because its lungs w''eie submitted to caMtic'; 

exactl) equal to pressuie vaiiations occuiimg m its mtrap 
before opening of the chest and the lespnation rate ni 
equal to its noimal rate 


Oxj gen 

ICG 

42 

31 

41 

22 

2S 

10 


Carbon Dioxide 


2S 
1 7 

19 
24 
22 

20 
GU 


ICC 

33 

42 

50 


2S 
31 
29 
o 3 
42 
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In oui open chesl c\pcM imcnts .itelcctasis usucilly occuiied within 
liom SIX to ten houis wlicn the animal \\as able to withstand an expeii- 
ment of such dniation 'J he sueeession of c\ents ohseived in these 
expel iments is as follows Tnimediatclx <iftei siiceessfnl obstruction 



Fig 16 — Graphic representation of percentages of ox\gen and carbon dioxide 
obtained bv alveolar gas anal j sis before obstruction and for a period of over 
twelve hours after obstruction of the right lung The two lower curves represent 
the intrabronchial pressure variations in centimeters of water (one-half the actual 
pressure values , these figures represent the reading of one arm of the manometer) 


“the lung stops bieathing” whereas the noiinal lung increases in 
size Theie is a slight inspiiatoi}'^ expansion in the occluded lung owing 
to the decrease of pressure (increased negatne piessure) in the box 
dtiiing inspiiation, but it is insignificant as compared to the wide res- 
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piratoiy movements of the othei lung Little by little the size of the 
occluded lung deci eases as a whole, without a cons]33cuous change in its 
general shape, appeal ance oi coloi Graduall} it sinks towaid the costo- 
vertebial sinus wheieas the other lung inci eases in size so that the heart 
IS mamfesth displaced towaid the obstiucted lung Except foi a slight 
c} anotic hue the obsti ucted lung does not show any other change until 
its volume is maikedh deci eased (to about one-fifth or one-seventh its 
oiiginal size) Then there appeal daik bluish-brown patches scattered 
all ovei Its sm face without any special pi edilection for the hilus or the 
peripheral portion of the lung We disagree in this lespect with Van 
Allen and Adams, who claim that atelectasis pioceeds fioin the lulus 
towaid the peiipheiy \\'’e suspect that this happened in their dogs 
because they permitted a considerable amount of an to be exti acted 
from the obstiucted lung Aftei the great mass of gas is absorbed 
atelectasis advances lapidly and within approximately an lioui is com- 
plete Often small islands of slightly aerated light-colored paienchyma 
lemain on the dark bluish-black atelectatic lung, the complete disappear- 
ance of which mar take half an hour or more® 

That this atelectasis is due to absorption of the alveolar air hr the 
cn dilating blood is pioved by the following data 

(a) If a part of the entiapped aheolai an is aspirated thiough the 
cannula, atelectasis will occur more rapidly, the tune being iinerseh 
proportional to the amount of air extracted 

(&) If the blanch of the pulnionaiy aiteiy coi i esponding to the 
obstructed lung is ligated, atelectasis will not occur As a inattei ot 
fact, after this hgatuie the lung shimks a little, and after several dais 
becomes C|Uite airless for weeks because of fibrotic contraction, but as 
Schlaepfer and we have shown the mechanism in this case is altoget le 
different The fact to keep m mind is as Lichtheiin long ago 
that obstuiction of a bronchus does not lead to atelectasis unless 


circulation is intact 

(c) If after atelectasis has occuiied we again intioduce 
atelectatic lung, not only does it legain its previous appearance, h 
the same cycle of phenomena begins again namely, 
quantitative changes in the entiapped air and the piodiiction of a^^^ 
sis in exactly the same length of time if other conditions 
chtion of the animal cii dilation lespnation etc ) i einain t le s, 

(d) If instead of an other gases are intioducecl mto ^ 
atelectatic lung, the absoiption time is different tor each t,as 
on their respective coefficients of solubiht} and diffusion an 


ical affinity tor the blood , this will be shown later 

3 The siiccessn e phases of atelectasis ha' e been recorded n 


a cincniatogrnpi''^ 


film 
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(() If an acute pathologic alteiation of the lung endothelium is 
inoduced so that the lespiiatoi} mcmbianc loses its pcimeabilit} oi the 
capillaiies aie damaged, atelectasis does not occui J his is shown in 
a lemaikable wa} when ethci in 100 pei cent conccntiation is intioduccd 
into the atelectatic lung Gcneiall} undiluted ctbei vapoi is lapidh 
absoibed (100 cc in one minute) but it pioduces a hcmorihagic edema 
ffig 15) stiictl} limited to the obstiucted ppition of the lung Fuithei 
intioduction of gas m this lung c\cn of caibon dioxide which is usualh 
lapidl) absoibed will not be followed by atelectasis The lung has lost 
its functional abiliti foi the exchange of gases Ihiough the alveolai and 
capillaiv endothelium Pioduction of atelectasis has become impossi- 
ble This fact IS illustiated in expeiimental dog 499 (open chest), the 
piotocol of winch is giien heie 

Dor 499 — This animal weighed 15 Kg Flft^-flve milligrams of iso-annl- 
etlnl barbituric acid per kilogram of bod\ weight was given intraperitoneallj 

April 30, 1930, 1 00 p m Ihe dog was m the oscillating negative pressure 
box (oscillations from — 4 to — S) ' The oscillation rate was 14 per minute 
The heart rate was 116 One-quarter gi im (16 mg) of cphedrine sulphate was 
given In podermicallj The left lung w’as obstructed and washed out wuth 
oxr gen 

4 15 p m There w'as complete atelectasis of the entire left lung 

4 21 p m Carbon dioxide was introduced to distend the left lung com- 

pletelj 

4 24 p m The carbon dioxide was completely absorbed, and there w'as 
total atelectasis 

4 41 p m One hundred per cent ether \apoi waas introduced to distend the 

lung to the si/e previously obtained w'lth caibon dioxide (ether vapor was 

obtained bv slow'lj passing liquid ether through a long metallic coil immersed in 
water at 90 C ) 

4 45 p m The left lung was edematous, of a dark pink to red color, and 
increased m si/e Absorption w'as \crj' slow 

4 47 p m Oxygen was introduced into the left lung to distend it to its 
former size 

5 02 p m There was no apparent absorption , the volume of the lung w'as 
the same 

5 06 p m The clamp on the lung catheter was removed A strong odor 

of ether came out of the catheter in a forceful stream of gas , the w'hole amount 

of oxygen mtioduced could be withdrawn, showing that no absorption of oxygen 
and probably of none of the ether had occurred 

Post Mortem The left lung was pinkish red, m section it was very hemor- 
rhagic and edematous The w'eight of the right lung was 140 Gm , of the left 
(edematous) lung, 232 Gm Microscopic section showed mteistitial hemorrhage 
(fig 15) 

The foiegoing data offei indisputalile evidence that the alveolai air 
below' a bionchial obstiuction is absoibed by the blood cii dilating 

4 These figures are one-half the actual pressures and represent the readings 
of onh one-half the manometer column 
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through the alveolai capillaiies, and that its disappearance occuis onl) 
in this wa}' 

IV Speed of Ab<;oi piion of Gases of Alveolar Ati Iiitiodiiccd 
Individually into Atelectatic Lung of Living Amuial and Gas Exchange 
That Takes Place Iheieaftci — A senes of experiments was pei- 
formed on dogs with 1)Oth closed and open chest In the fiist senes 
(closed chest), aftei complete atelectasis of a lung oi lobe had occurred 
following bronchial obstiuction (as checked up by i oentgenographic 
examination), oxygen was intioduced Aftei complete atelectasis had 
occurred again, carbon dioxide was introduced 

This technic is extremely long because atelectasis lequiies nom six 
to fifteen hours to be completed m the anesthetized animal, besides 
many animals cannot withstand such a prolonged experiment under 
deep anesthesia A much shoitei method was theiefoie devised dunng 
oui experimentation wnth the open chest This consists in aspirating 


Tabic 5 — dbsoiplwn 1 inic^ of Oxvgcii and Caibon Dioxidt Jndnndnalh Iidio- 
ditced in a Lang Pi evtoudv Rcndeied Atclcclahc 




Oxygen 

Carbon Dioxicli 



/ 

Absorption 

Time, 


Absorption 

Time, 

Dog 

Cc 

Min 

Cc 

Min 

Comincnt 

511 

130 

1“> 

290 


Closed chest experiment, 
graphic control other gases besj^de- 


15 

12 



o07 

50i 

280 

2b0 

100 

100 

7 

2>/2 

2 

oxygen and carbon dioxide aero 
ccssively introduced 

Open chest experiment 

Open chest experiment 

498 

100 

275 

11 

100 

1 

Open chest experiment 

499 

1, 

100 

1 

Open chest experiment 


aftei obstiuction of the bionchus of one lobe, as much alveolai an as 
possible and washing out the obstiucted lobe by filling it with ox) gen a ^ 
emptying it from seven to ten times In less than thirty minutes the 
is completely atelectatic The lesults obtained by following up the ^ ^ 
lectatic lobe filled with oxvgen and cat bon dioxide aie given in ta 
These expeiiments show that when these gases aie introduced 
under atmospheiic piessuie then lespective absoiption times 
What IS more, these times are not alwa)S the same, 
to the circulation late and the peimeability of the alveolar en 
The figures m table 5 show that the absorption times o 
carbon dioxide show a constanc) which is in agieement witi i 
law^s of diffusion and solubility These times, ,s «eli 

to the anatomic conditions of the alxeolar endothelium 
showm in dog 504, m the atelectatic lungs of ■which etlnl 

introduced m the following order nitious oxide carbon c i ^ ^ 1 , oxide 
chloride, etlnlene, caibon dioxide, eth)l chloride can 
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eth\lene oMgcn tind clliei \apoi 13ecause ot tlie lesions of ])ulmonai) 
endothelium In the gases intiodvieed in it eaihou dioxide at the fiist 
mtioduction was ahsoihed in tno minutes at the second intioduction, in 
twenU-one minutes and at the thud mtioduction m one houi and 
tnent\-two minutes 

Nitiogen when intioduced alone undci atmosphciic piessuie into 
the atelectatic lung was ahsoihed within sixteen hoiiis in dog 517 It 
IS inteiesting to point out that wheicas such a long time was lequired 
toi its complete ahsoiption when intioduced .is the noimal constituent 
of an (i e , 80 pei cent of atmospheiic an ) it is ahsoihed on the average 
m fiom SIX to fifteen houis When puie mtiogen oi othei neutral 
gases are intioduced into an atelectatic lung gas anahsis of the alveolai 
content shoitly theieaftei shows that ox\gen and caihon dioxide aie 
piesent m the same peicentage as in the alveolai hlood that is, about 
5 01 6 pel cent each Fiom these facts it can he deduced theoreticall) 
at least, that uhen aftei the mtioduction of pine nitiogen the oxygen 
and caibon dioxide ha\e leached these figuies the ahsoiption of the 
alveolai gases fiom this point on should pioceed at the same late as 
it an weie now piesent 

V Results Follotcing Int) odnehon of Ncuttal Gases Scfaiately Into 
the Atelectatic Lung — Nitiogen hydrogen and helium weie the gases 
used in these expenments 


Doo 517 (closed chest experiment) —This animal weighed 11 Kg Iso-amyl- 
ethj'l barbituric acid anesthesia was used and the left lower lobe bronchus 
obstructed 

5 30 p m The left lower lobe was atelectatic 

5 45 p m One bundled cubic centimeters of nitrogen was introduced 

9 35 p m \ specimen of gas contained 5 51 per cent oxvgen and 7 34 per 

cent carbon dioxide The nitrogen was completelj absorbed in sixteen hours 

Dog 515 (closed chest experiment) — This dog w'eighed 12 5 Kg Iso-amjl- 

ethyl barbituric acid anesthesia was used The left bronchus was obstiucted 
12 10 p m The left lung was atelectatic 

12 40 p m One bundled and fi\e cubic centimeters of hydrogen w^as intro- 

duced 


4 30 p m A specimen of aheolar air contained 6 16 per cent oxjgen and 

5 03 per cent carbon dioxide 

9 a7 p m A specimen of aheolar air contained S SO per cent o^rgen and 

6 38 per cent carbon dioxide The h} drogen w'as almost completelj absorbed in 
eighteen hours 

Dog 510 (closed chest experiment) — Ihts dog weighed 22 Kg Iso-ainyl- 
etlul barbituric acid anesthesia was given The left stem bronchus w'as obstructed 

8 30 a m Atelectasis was complete One hundred and seventy-five cubic 
centimeters of pure helium w'as introduced into the left lung 

9 30 a m Gas anah sis showed 5 83 per cent ox\ gen and 9 34 per cent 
carbon dioxide 

1 00 p m Gas anahsis showed 5 34 per cent oxrgcn and 6 22 per icnt 
carbon dioxide 
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2 10 p m Gas analj sis showed S 25 per cent oxygen and 6 64 pei cen‘ 
carbon dioxide The helium was completely absorbed m twenty-six hours 
Dog 507 (open chest experiment) — The animal weighed 12 Kg Iso-amyl- 
ethyl barbituric acid anesthesia was used The left bronchus was obstructed 

2 00 p m Atelectasis of the left lung was complete One hundred and 

lift\ cubic centimeters of helium was introduced into the left lower lobe 

2 20 p m Gas analysis showed 266 per cent oxygen and 4 54 per cent 

carbon dioxide 

5 45 p m Gas analysis showed 2 83 per cent oxygen and 5 03 per cent 
carbon dioxide 

7 52 p m The dog died Little helium was absorbed 

TAiiLr 6 — Exchange of Alvcolai Gasci ot Shozvn by Caibon Dioxide and Oxygen 
Detci nnnaiwnx Aflci Infi oductwii of Vaiwus Cases Into an 
Obxti acted Lobe of the Lung 


Gas Dog 


Description 


0 irbon 

Dioxide, Oxjgen, 
Time per Cent per Cent 


Hfiiurn 


Helium 
0\\ gen 


Hdium 


■)07 Vacuum box cxpciiment left lover lobe 
Hashed out nine times vith oxygen and 
alloncd to become iitelictntic, 170 cc of helium 
Has introduced into it iit 2 00pm 

2 10 p m 
5 15 p m 

730 Closed chest experiment the left loner lobe 
Has obstructed and alloned to become com 
plotelv atclfctatic 200 ce of a mixture of 
equal volumes of helium and oxjgcn nas then 
introduced into it at > 'Opm 

S 00 p m 

This lobe Has non Hashed out three times 
Hith pure helium and 175 ce of helium hus 
intioduced into it at S jOpm 

9 :i0 p in 

The next day at 3 00 i m 

2 00 a ni 


4 54 2 00’* 

5 03 2 S3* 


5 SC 8 20 


9 34 5 S3 

0 22 I 34 

G 04 a 25 


Hjdrogon 717 


Nitrogen 517 


Closed chest experiment the left loner lobe 
Has Hashed out seven times vnth oxygen anel 
alloHed to become itelcctatic, thin 107 ce of 
hydrogen Has introduced into it at 


Closed chest expornnent the left loner lobe 
Has ohstruetod and Hashed out three times 
Hith nitrogen by aspiration and distendimg it 
Hith pure nitrogen after each aspiration, tli^on 
100 ce of nitrogen Has introductcd into it at 


32 41 p m 
4 30 pm 
9 57 p m 


, 0 . 010 

0 36 > 


5 47 p m 
0 Sip m 


7 34 


5 jl 


’ These are unusuallj Ion hgmes for nheolar o\}een 
mel anoxemia 


probably due to poor rc«pirati 


We have also intioduced vaiious gases into the pletnal cant 
dogs and rabbits In the dog we have not been able to 
lateial pneumothorax with an, owing to the peimeabibt} of its 
tiniim However, with helnim we have been able to 
poiaiy nmlateial pneumothoi ax In the labbit in wdnch the m 
IS moie like that of man, we have of couise been able P 
unilateral pneumothorax with air, intiogen and helium 
Table 6 is a lesnme of these expeiiments 
The foiegomg expeiiments show that a short w 
duction of neutial gases into the atelectatic lung ow&o 
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dioxide difTu:,e ihiough the .iIacoI.u membi.ine liom the venous Idood 
so that these gases aie piescnl in the aU eoli nndei the same paitial 
piessuics as in the hlood 

\Yhen a inixtiiie of equal paits of a neutial gas and oxAgen oi cai- 
bon dioxide is intioduced into the atelectatic lung the same phenomenon 
of lapid estahlislinient of gas eqnilihinim oecnis 

Doc 510—5 50 p 111 Two luintlrcd ciiliic. cciitiiiiLtci s ol equal paits of 
helium and oxigcii h\ voliiiiic was introduced into the atelcct itic left lung 

7 20 p in Gas anahsis showed 5 86 pci eciil oxegeii uid 8 29 pci eciit 
carlion dioxide 

The same niodiheations m the peieentages of alveolai gaseous con- 
tent occui Avhen moie active gases (oxvgen caihon dioxide) aie mtio- 
diiced iiidividualh into the atelectatic lung 

Dor 498 (open clicst cxpennieiit) — This dog weighed 6 5 Kg Tso-ain\ 1-ethe 1 
barbituric acid anesthesia was used The left hioiichus was obsliucted 

10 40 p m One huiidrcd cubic centimcteis of oxegcii w'as introduced into 
the atelectatic lower left lobe 

10 50 p m Gas anahsis showed 8 59 pci cent ox\gcn and 8 per eent 
carbon dioxide 

VI Bchavwi of Rapii otoi v Mcinbiaiic 1 07vaid A)u\tliiti( Ga\cs oi 
s (Nitious Oxide Eth}lene Ethyl-Chloiide, Ethei Vapoi) — Ihe 

piotocols shoAv the appioximate ahsoiption times, by the alveolai endo- 
thelium of lungs pieviously lendeied atelectatic of the most usually 
used anesthetic vapoi s oi gases This question is still undei inA^estiga- 
tiou , Avith the vacuum box method m using lungs piCAiousl) lendeied 
atelectatic, the ahsoiption time can he checked by dnect ohseivation 
These lesults Avill he published latei 

VII Changes, if Any, in Intiapnlnionai \ Pi cssiii c in Ocdiidid Lung 
Duiing Piocew of Ga^ Absoi plion — ^The pieAvulmg idea conceinmg 
the intiapulmonaiA piessuie on the affected side m obstiuctne atelecta- 
sis IS that it should be moie “negatiA'e’’ than noimally because of the 
shnnkage of the affected lung and the “sucking in’’ of tlic othei lung 
heait and diaphiagm in the thus hheiated space It is geneialh heheAed 
that this negatue piessuie should inciease Avith the piogiess of atelecta- 
sis, leaching its maximum figiiie at the completion of htelectasis As 
a mattei of fact Ave have found no significant changes ]n the intiapul- 
monaiv piessuie Figuie 17 giA^es the smoked chum tiacings of both 
the mtiapulmoUaiy and intiapleuial piesifUies in dog '422 foi a peuod 
of ovei thiee houis It is seen that these piessuies aie constant 

Loeivv and von Schioettei came to similai conclusions aftei obstiuct- 
mg a bionchus in man “The piessuie” thev said, ‘m the obstiucted 
lung does not shoAV a giadual fall Not onh does it lemain constant 




3 1 
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hut even when lehiively hige amounts of an, as lefeiied to the total 
an, aie lapidK withdrawn foi gas analysis the piessnre instantly comes 
back to noimal ” They lepeated this investigation on fotii human cases 
with similai lesults These expeiimental data aie only appaiently m 
conflict with the lecently lepoited gieatly inci eased intrapleuial nega- 
tive piessuie in cases ot atelectasis We shall discuss this impoitant 
point undei “Comment ” 

ObR THEORY OF PRODUCTION OF ATELECTASIS 

The expeiimental study of the exchange of gases in the obstincted 
lung leads to the conclusion that the disappeai ance of alveolar an is due 
to Its absoiption by the ciiculating blood, axiomatically, the leveise 
seems also tiue that apneumatosis cannot lesult unless the alveolai 
gases aie shut off fiom the external air In compression atelectasis 
(pneumothoiax, pleuial fluid etc ), the collapsed alveolai bionchioli 


Table 7 — Pciccnlaqcs and Paitial Pia^ttus of Owgcn, Caibon Diondc and 
Utiiogcn in Alveolai 4ii and hcnous Cafridoiy Blood 



Aheolar Air 

Venous Blood 

Gns 

>- 

Partial 
Pressure m 
Per Cent Mm Hg 

■ ■-A 

Pnrtnl 
Pressure m 
Per Cent Mm Hg 

0\ygcn 

n 

114 

5 ‘)‘*0 

6 4 > <> 

COiO 

Carbon dioxide 

ss 

Nitrogen 

so 

COS 


become occluded and this occlusion should be complete if atelectasis is to 
occui Meie nan owing of the bionchi oi bionchioh fiom whateier 
cause, cannot iiioduce atelectasis, on^the contiaiv, it causes emph>senia 
The foiegoing data render possible the elaboiation of a theoiv on tie 
pioduction of atelectasis which is simple compi ehensive and based on 
such sound physiologic and physical factois as the laws legulatm., ti 
exchange of gas between alveolai and venous an 

Table 7 lepresents in lound figuies the^peicentages and the 
lesponding paitial piessuies of gases in the aheolar and 
These diffeiences m partial pressures are possible notwithstanc 
continous exchange of gases through the lespuatory^ Panin'’’ 

because the alveolar an is continuously lenewed bj lespnation c 
by diffusion on the tidal aii filling'- m each lespiration the 
and bionchi This exchange is so active that m spite of 
renewal of an, j the alveolar an is poorer in oxygen an 
carbon dioxide than the atinospheiic air It is precisely render 

in paitial piessuies between alveolar and lenous gases " carbo'’ 
possible oxygenation of the venous blood and elimination o 
dioxide 
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It IS obvious, (hen, th<i( if ii hionthns is ohstiuttcd (he <ui ciUi.ippcd 
in the lun(t will uiufeiito qnaiilaltve ch.iiif^es Its composition will 
iti.uluallv .ippioach tlie peiccnl.iges of the f^.iscs of tlie venous blood 
which IS constaiUl} couisiiif^ .iiound the alveoli, caiiymp'' .iw.i} poises 
which aie uuctei excess piessuie iii (he aivco/i ('oxyg'cn) and pvtn^ oil 
qases to the .ilvcoli which it h.is in excess (caiboii (iioxule) Siitli 
([uali(<itive chanttes nccessaiilv lesult in quantitative changes 

]n 01 del to simplify the question, we shall gi.ijihiCtilly ic])icsent the 
.ilveolus by <i ciicle suiioiinded by a laigei ciiclc which lepiescnts the 
venous blood cii cubbing m the pei i.ilveolai c.ipillaiies (fig 18) Jnii- 
thei, 100 will lepicsciit (he volumes of <i gaseous content of this , ilveolus 
Aftei obstiuction of the bionchiolus, an equilibiiiim of g.tses inside and 
outside of the alveolus will he csPtblished \Vc sh.ill consulei the thicc 
gases sej)aialclv 



I 


2 


3 4 


I'lc; 18 — \ schematic icprtscnlalion of alveolar gas exchanges, gi.uhi.il gas 
alisoriition aiul shiinkage of the alveoli aftci complete hroncliMl obstiiiction J he 
absolute volume of the alveolus is oiilv approximately indicated, but (he liguies 
given aic lelative and demonstrate pci fcetly well (he piineiples involved In / 
ten volumes of oxygen diffuse iiilo the venous blood and one volume of carbon 
dioxide diffuses out of (he venous blood into the alveolus In 2, the .dveolus has 
now lost nine volumes of g,is as st ited under (/) and the oxygen aiui eaibon 
dioxide have come into ccpnlibrinm in the venous capillary blood and in (he 
ah'colus However, the pereent<ige and pailial jiressure of nitrogen have now 
been increased so (h.it nine volumes of nitiogen diffuse out of (he .dveolus into 
the venous blood In ?, nine volumes of nitrogen h.iving previously diffused out 
of the .dveolus into the venous blood, the peieentage <nid partial ptessure of 


oxvgen oi eaibon dioxide have been rel.itively inere.iseel bor purposes of 
evplanation let us saj the oxjgeii has been thus rel.itively mere ised in per- 
cent ige ,md p.irti.d (iiessure Vine vedunies of oxygen .iie now le.idj to ditTuse 
out of (he .dv'eoh into the v'enotis blood In ■/ nine volumes of oxygen having 
diffused from the alveolus intei the blood we e.ni now eonsider tbit the carbon 
dioxide 111 the alveolus is lel.itively meieised bv thc-e nine volumes q Inis the 
p.irti il pressure of tins gas is lelatively inereised ind carbon dioxide is leady 
to diffuse out of tlie .dveolus thus (he ejeic continues until all the gases of 
• >t lung ,ire .ibsoilied, .dthough .letuallv (he gas exeh.uiges ,ire going ein simul- 
tnneou'-h and not ni (he isolited vv.iv vvineh we have ide.dly considered 
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Oxygen lepiesents 15 pei cent of the gas mixtuie and it is undei a 
pditial pressme of 114 mm of meiciiiy in the alveolus wheieas m the 
\enous blood it is present to the extent of 5pei cent and a pai tial pressure 
of only 38 mm of meicuiy (fig 21) Theiefoie, 10 volumes of oxygen 
will pass fiom the alveolus into the blood, at the same time, and fot 
similat leasons, 1 volume of caibon dioxide will pass in the opposite 
direction fiom the blood to the alveolus In this wa) the gas mixture 
of the aheolus will lose 9 pei cent of its oiiginal volume, so that instead 
of 100 volumes theie is now 91 volumes Now if the alveolai wall 
weie a iigid stiuctme, the total piessuie of gas in the alveolus would 
deciease and instead of a piessme of 114 plus 38 plus 608 == 760 
mm of meicuiy, it would become 38 plus 45 6 plus 608 = 6716 mm 
of meicuiy Since the alveolar wall is a perfectly elastic structure, it 
IS obvious that undei these ciiciimstanccs the alveolus will letiact down 


foi two leasons (1) because of the elasticity of the alveolai membiane 
and (2) because of the outside intrathoiacic piessure The othei lung 
being in connection with the atmospheric an, the intrathoracic piessure 
on that side is 760 mm of meicmy (the negative mtiapleinal piessuie 
of fiom — f to — 7 mm of meicui} is compai atively so small that it 
IS of little impoitance m this mechanism (fig 18) - 


shall now considei nitiogen At the stait, befoie bionchial 
occlusion, It lepiesented ^%oo of the alveolai gas mixtuie Now aftei 
the 1 eduction in volume of the gas mixtuie it lepiesents of the 


gas mixture and its partial pressme has iisen to 676 4 inin of ineiciiry 
But this pressme is much highei than the pressme of nitiogen m the 
capillary blood, the excess of nitiogen will therefoie pass into the blood 
In othei woids, 9 volumes of nitiogen will be earned fiom the alveolus 
by the cn dilating blood, so that the \olume of the alveolai an will 


91 — 9 == 82 volumes ® (fig 18) •* 

This deciease in alveolai nitrogen disturbs the equilibiium of 
and cai bon dioxide between the alveolai an and the venous blooc 
suppose that ox 3 'gen alone is affected by this imbalance It is 
that instead of 5 pei cent, as it was pieviously it will 
14 pel cent of the alveolar gas mixture (N 2 80 -j- CO, 6 + 2 ^ 
cent) and theiefoie its partial piessme will use to 106 mm 
cuiy, so that now again 9 volumes of oxygen aie lead} to 
away fiom the alveolus by^ the cn dilating blood When 
the volume of the alveolus will deciease to 82 9 = 73 voum 


I 80/9^ ^ 

5 These figures are not, strictly speaking, exact ot niC' 

87 9/100 and the partial pressure corresponding to it equa s ^ simpld' 
curv We prefer to give the figures as thev are, houever „gsc' 

the explanation without altering am essential relations etueen 
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The caibon dioxide will be aflfected in the same way (fig 18) d and 
ioi similai leaboiis its peicentage will use from 6 to 15 pei cent, cor- 
lesponding to a paitial piessure of 114 mm of mercun, so that again 
9 volumes of caibon dioxide aie leady to be earned awai by the cii- 
culating blood, thus i educing the \olume fiom 71 to 62 The cycle is 
lepeated, and 9 lolumes of nitiogen will be leady to pass from the 
aheolus into the venous blood Continuing this senes of events, tbeie 
will be a constant oscillation in gas values and all the alveolai gases 
will be absoibed In the open chest expenments we have noted that 
the initial absoiption of gas is slow, aftei a while the lung seems to 
sill ink much more lapidly, that is, theie is an accelerated diminution 
in the size of the lung Toward the end of the piocess when the great 



Fig 19 — Showing the mathematic acceleration in absorption rate of gases in 
the alveoli of the lung These relations probabb" hold true up to a point where 
the capillary circulation is definitely impaired 


mass of gas has abeady been absorbed, the i^iocess of absorption seems 
to slow down markedly, so that one may observe small isolated or 
patchy aieas remaining practically unchanged over a long period of 
time This mechanism is explained m figure 19 The alveolus is rep- 
lesented b} a sphere the radius of which is 1 The latio of surface to 
volume IS 3 1 Now suppose gases aie absorbed so that the alveolus 
shrinks and its laditis is one-half, the ratio of surface to volume is 
now 6 1 In other words, the v'olume of contained gases has been 
diminished much moie than the surface of the alveolus and there is 
lelatneh twnce as much surface for the contained volume of gas as 
theie w'as previous!} This means that theie is more absorbing surface 
loi a unit volume of gas and the alveolus will absorb a greater fraction 
of Its contained volume ot gas per unit of time than in the previous 
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case Thus with the piogiessive slnmkage of the lung theie is an 
acceleiation in the alisoiption late Howevei, this effect is offset by 
the impovenshment of the capillai}'- ciiculation when the alveoh are 
maikedly collapsed, so that m this way we can explain what we haie 
actually obsened — a slowing up of absorption toward the end ot the 
piocess 


It IS undei stood, of coiiise that gas absoiption does not occin 
in the schematic way we have hei e depicted , actually, thei e is an inces- 
sant simultaneous exchange of all the gases involved Bohr has shown 
that extiemel) small diffeiences in paitial piessures aie sufficient to 
instil e the diffusion of gieat amounts of gases thiough semipeimeable 
membranes A difference of only 1 mm of mercury suffices for the 
passage thiough the alveolai membiane of the 300 cc of ox 3 gen pei 
hour pel kilogram necessary basically for a man at rest 

W'e have seen that the anesthetic vapois and oxygen are rapidly 
absorbed It is now easy to understand how atelectasis might develop 
duiing the couise of an opeiation as in the cases leported by H Santee 
and Bei garni nr and Shepard Should complete bionchial obstuictioii by 
secretions occur during the couise of an operation and the lung aiea 
involved contain a high peicentage of anesthetic vapors and oxygen 
atelectasis could readily be produced within a short tune 


A word should be said fuithei about the idle played by nitiogen m 
the gaseous exchanges in the lung We have seen that it is one of the 
inert gases, lequiiing many hours for its absorption Ox}gen anc 
carbon dioxide alone are absorbed by'^ the lung in a relatively le" 
minutes, but when oxygen and caibon dioxide are considered in tie 
atmospheric mixture their absorption periods are gieatly piolongec tit 
nitrogen of the an acting as a physical brake by virtue of its son 
absoiption into the blood Foi this reason should bionchial obstruct ^ 
occui, the time required for the production of atelectasis 
Slued m hours lather than minutes In this way the nitiogeir o 
may be consideied as a ioitunate circumstance of nature 
alveolar gas absorption and pioduction of atelectasis This c 
valuable because it allows an interval of time dining which 
the lung could still be easily accomplished Thus nitrogen may 
of as the “safety'' brake ’’ especially duinig anesthesia and tie p 
tive period, and may be considered as the “buffer of the air 

From the foregoing paragraphs it is seen that m dijii- 

anesthetic gases and vapois the nitrogen of the an a ows 
tion and acts as a mechanical “buffer ” delaying then arso^l 
think It safe to state that but for the nitiogen of ’ 

anesthesia would be so full of dangei as to be inrpractica ) e 
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COMMENT 

Theie aie thiee possible objections to the theoiv 

1 An equilibi lum between the gases of the liloocl and alveolai blood 
could be reached aftei bionchial occlusion, and this should stop fui- 
thei exchange of gases 

2 Much moie caibon dioxide should pass fiom the blood into the 
aheoli, because its speed of passage thiough the alveolai membiane is 
thiity times as gieat as foi oxygen, thus atelectasis would be impossible 

3 The negative mtiaplemal piessuie has often been lepoited so 
gieat that it should cause a passage of gases fiom the blood into the 
alveolus and in this way pi event atelectasis 

The first objection can easily be answeied If all the gas molecules 
aie absorbed, this is due to the peifect elasticity of the alveolai mem- 
biane and to the great difteience in diflfusion speeds thiough it of 
oxygen, carbon dioxide and nitiogen Foi these leasons a peifect 
equilibiium is neiei i cached, and as Loewy and von Schioettei fiist 
showed, the exchange of gases aie lepresented by an asymptotic ciiive 

The second objection is based on the gieat speed of passage of 
carbon dioxide through the alveolai membiane as compaied to oxygen 
01 nitrogen We have alieady mentioned the expenment of Loewy and 
Zuntz with the frog’s lung demonstrating this point Exnei using a 
soap film, showed that carbon dioxide would pass through it towaid an 
indifferent gas with a speed of about 10 cc pei minute pei squaie 
centimeter when under a piessuie of only V 2000 of an atmosphere 
But the rate of diffusion of gases is regulated by their paitial piessuies, 
so that, although carbon dioxide passes rapidlj' fiom the blood into the 
aKeolus after bronchial obstruction, an equilibimm is 1 cached when its 
percentage becomes about 6 pei cent in the alveolus , aftei this point 
the actual mass of carbon dioxide exchanged through the respiiatoij 
membiane is stopped In other words the exchanges of carbon 
dioxide are rapidly accomplished, but the actual amount of carbon 
dioxide passing through the respiratoiy membiane is legulated excHi- 
sively by the diffeiences m partial piessure of the gases respectively m 
the alveolar and venous air 

The third objection is of even greatei impoitance Habliston, in 
1928 found the mtiapleural pressure on the atelectatic side m four 
cases in man to be — 12 — 13 — 16 and — 25 mm of mercury 
lespectnely, as against — 4 to — 7 mm on the unaffected side Fains 
reported two similar cases in which relief was obtained b) artificial 
pneumothorax Wilson and Goidon (quoted by Habliston) and 
'^sl''l^ur} ha^e also leported such cases Ashburj, lepoited a case with a 
negatue intrapleuial piessure of — 16 to — 20 mm of mercun , after 
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inducing a paitial pneuinothoiax on the afifected side with 600 cc ot ?n, 
the piessttre became — 4 to — 7 mm of meicury 

Piesumably, with a negative mtiapleinal piessme ot — 16 to — 20 
mm ot meicuiv the intiapulmonaiy piessure is also — 16 to — 20 mm 
of ineicur) below atmospheiic pressme foi the gases in the lung aie 
under a piessuie which tends to be ecpial to the intrapleuial pressme 
It IS inteiesting to compaie these figuies to oui own data on dogs 
and the data of Loewy and von Schroettei on man, in which the pies- 
sure of the entiapped alveolai air did not change From the cases ot 
the lattei authois it can be deduced that the intiapleuial piessme on 
the affected side also lemains constant The explanation toi these 
disci epancies in the intrapleuial pressuies between the dog and man is 
that m the dog both mtiaiileuial {messuies aie equal because of the 
elasticity and peimeabihty of the mediastium It might be objected that 
the longest peiiod of bionchial obstruction earned out by Loewy and 
von Schioettei w'as only foit}-two minutes — a time insufficient foi the 


pioduction of atelectasis 

In the case of a lung wdnch is completely obstiucted the piessme of 
gases vmthin it tends to equal the intiapleuial piessme because of the 
elasticit) of the alveoli, thus it the intiapleuial piessme w^eie 20 
mm of meicmy, the intiapulmonaiy piessme would also be about 
20 mm of mercuiy less than atmospheiic, i e about 740 min of 
mercuiy If we considei the peicentages of o\>gen and caibon 
dioxide in the entiapped alveolai an as 5 and 6 pei cent lespectiveh, 
their paitial piessuies would be 38 and 45 6 mm of meicm> when the 
mtiapulmonary piessme is 760 mm of meicmy and 37 and 44 4 min 
of meicury with an intiapulmonaiy piessme of 740 mm Theiefoie, m 
the case undei considei ation the effect of a — 20 mm negatne 
pleural piessme would be to lowei the paitial piessme of oxigen aii^ 
caibon dioxide in the alveolus by only from 1 to 2 mm 
must also be lemembeied that the gases in the alveolai capiUan 
aie also subjected to coiiesponding diminution in then piessme 
that fiom a relative standpoint the paitial piessuies ot the gases t 
alveoli and m the alveolai capillaries have not changed ^ 
deduce that the inci eased negative intiapleural piessme does no 
JialJy influence the exchange of gases w the obstiucted lung ^ 

So far as the theiapeutic effect of aitificial pneumothora 
ceinecl we agiee with the loiegomg authois quoted as to 
effect bi deci easing the displacement of the heait but we 
agiee as to its efficac} m fieeing the an passages atelec- 

material Pneuinothoiax cannot fmthei compiess a lung a 
tatic Last}} collapse of the lung by pneuinothoiax (ieeper 

reaeration oi penetration of air into this lung , on the coi 
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respnation b) pioducing dilation of the bronchi is more apt to lead to 
the formation of airways between obstructing mucus and bronchial wall 
with subsequent expulsion of the obstacle to lespiiation 

Increased piessure of the entiapped air as pioduced m coughing oi 
sti allied respiration would theoi eticall} acceleiate the absoiption of the 
alveolai gases, as has been maintained b}"^ Van Allen and Adams We 
think, however, that these authors ha\e gieatly exaggerated the impor- 
tance of the factoi, tor an mciease in mti apulmonary pressure m the 
obstuicted lung can m these cases be pioduced only by an increase m 
the intrapulmonai} piessure of the health) lung This means an 
mciease in total intiathoiacic pressure and consequently m the blood 
and blood gases as well It seems that m these cases of Van Allen and 
Adams, if atelectasis was pioduced eailier in animals incomplete!) 
anesthetized and struggling this was due rather to excessive muscular 
work and exhaustion of ox)gen in the blood while at the same time 
rapid bieathing washed out the carbon dioxide of the blood, the per- 
centages of both gases and their partial pressures in the blood weie 
deci eased, causing a moie lapid absorption of the entrapped air We 
do not think, however that from their data these authors were justified 
m coming to the conclusion that “narcotics are advisable because they 
aid 111 preventing atelectasis ” The chief means the lung possesses to 
prevent atelectasis oi to overcome it once the bionchus is obstructed, is 
expulsion of the bionchial exudate by cough and deep breathing 
Narcotics, on the contrary, deprive the lung of its best means of defense 
We believe that for reasons previousl) described the more efficient 
treatment (both preventive and curative), liesides rolling of the patient 
fiom side to side and encouraging him to breathe deeply, is hyperven- 
tilation bv repeated inhalation of 10 per cent carbon dioxide in ox)gen, 
according to the method introduced by Henderson and Haggaid in 
resuscitation after carbon monoxide poisoning or bronchoscopic aspiia- 
ticn of bronchial exudate 

For a number of years, we have endeavored to show that atelectasis 
IS a well defined clinical syndiome with a definite etiology, pathogenesis, 
patholog) and treatment It presents rarious clinical forms which can 
biiefl) be distinguished as follows 

1 According to the etiology obstructne or compressue, postoperatne or 
medical 

2 According to its distribution multilobar (massne), lobar or lobular 
(patcln ) 

3 “According to its duration acute or chronic 

^ 'according to its e\olution simple or complicated 

The last variet) comprises the cases in nhich infection follows 
because ot the presence of the obstructing agent of microbes of more or 
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less high viiulence so that an infectious piocess begins in the lung and 
IS favoierl liy the iinpancd chainage of the respnatoiy oigan Post- 
opeicitne atelectasis in -which gioup 4 pneumococcus is always piesent 
repiesents a mild foim of infection Lobai pneumonia, in which more 
Miulent pneumococci aie piesent, represents another t}pe of acute 
infectious atelectasis occuiimg as an accident in the course of a piieu- 
mococcic bionchitis Abscess and gangiene of the lung aie similarly 
intectious forms of septic bionchial obstiuction and atelectasis, due to 
specific micio-oiganisms aeiobes and anaeiobes The painstaking work 
of Smith, Allen, Joannides and others throws a new light on tins last 
variety, justifying oui conception 

We have also endeavoied to plo^e that the pathologic piocess in 
the difteient foims ot atelectasis develops along the same lines as ni 
similai lesions in glandular organs the ducts of which have been 
obstructed and to which the lung should be compaied We have shown 
that the circulation and the ventilation m lungs that have become atelec- 
tatic from any cause show exactly parallel changes depending entneh 
on the condition of the pulmonaiy ventilation 

The piesent work by showing the intimate mechanism of the 
production of apneumatosis. can explain the pathogenesis of the 
diffeient forms of the disease by sound phjsiologic principles It 
shows fuithei, the importance of phjsiologic, physical and chem- 
ical consideration in the study of respiiation m i elation to thoracic 
suigeiv Clinical and expeiimental evidence points to the conclu- 
sion that atelectasis is always due to complete bionchial obstruction 
We wish to stress the gieat impoitance m the patholog) of the lung o 
impaiiment of fiee bionchial drainage, and we believe that it has been 
demonstrated beyond doubt that atelectasis must be definitel} associate! 
with the idea of bionchial obstiuction The obstiucting agent 
Its natuie, should be sought and treatment instituted toi its leinoia 
leaeiation ot the lung 

CONCLUSIONS 

1 An experimental method has been devised which 
that when a bronchus is completely obstructed, the 

ail lapidly undeigoes qualitative and qiiantitatne changes as ce e 
by successive gas analyses 

2 Qualitatively, the peicentages and partial piessines 

compiising the alveolar an tend to but neA’-ei quite reach an eq 
with the gases of the venous blood , 

3 Quantitatively, the entrapped alveolai gases pas ^j-j^pcolar 
respnatoiy' membrane into the blood cii dilating m tie J 
capillaries until complete aiilessness of the involved area 
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4 The mechanism of pioduction of atelectasis in the compiessed 
lung (pneumothoiax, pleiual exudate, mtiathoiacic tumois. etc) is 
exactly the same as in bionchial ohstiuction 

5 Besides the gases of the an diflusion of othei gases weie studied 
h} intioducmg them into a lung pieviousl} lendeied atelectatic The 
difteient gases used m these expeiiments weie (a) active gases, oxygen 
and caibon dioxide, (b) neutial gases hydiogen. nitiogen and hehuin, 
(t) anesthetic gases ov xapois ethei ethyl chloiide nitious oxide and 
ethylene 

6 A new expeiimental method was devised which allows diiect 
MSion of the pulinonai} changes occuuing cluiing the expeiiment 

7 Nitiogen in the lespnatoiy an inlays the pait of a mechanical 
‘biiftei,” letaiding the absoiption of moie diffusible and inoie soluble 
gases 

8 This expeiimental woik has allowed the foiination of a theoi} on 
the mechanism of atelectasis based on the phvsiology of exchange of 
gases 111 the lung 

Mr Eugene Ostrow and Dr Wade Duley gave ub technical assistance, Miss 
Helen C Waruj of the A.iro-Balloon Corporation, New York City, supplied the 
helium gas, ilr W S F Dunn and Miss Rosamond McPherson assisted \Mth 
photographs, Mrs Aies Larsen prepared the histologic sections 
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ABSTRACT OF DISCUSSION 

Dr W L Li r, Philadelphia When we recently called attention to the unusual 
incidence of asthma and allerg}’ in patients in whom postoperative atelectasis 
developed, and suggested that here might be a predisposing factor that would 
lave to be considered, one of our critics accused us of unnecessarily complicating 
the simple explanation that bronchial obstruction was the only cause of this 
phenomenon 

After hearing this paper b}’ Dr Van Allen and his co-workers, I am sure that 
ever} one will feel that he is open to the same criticism He certainly raises doubt 
as to obstruction being the only cause of atelectasis I think that he presents 
evidence that this is not a simple problem but a difficult and complicated one 

For some time we have been convinced that obstruction is not the only factor 
concerned, and that it is not the primary etiologic factor but a late determining 
cause of atelectasis 

Dr ^''an Allen’s explanation of the confusing experiences that w'e have all 
had w'lth this work — the inconstant results that follow efforts to maintain an 
airw’ay 111 the bronchi by coughing and the irregularity w’lth which atelectasis 
follows bionchial obstruction — requires careful consideration The dependence of 
the cough reflex and the result of expiratory effort on the presence of what he 
calls “available air” distal to the obstruction is a new thought In 'order that an 
obstruction may be driven away from the periphery bv coughing, it is iiecessari 
that “available air” be distal to the obstruction to drive it toward the large’’ 
bronchi This would fit m perfectly with our claim that it is necessary to main 
tain or to obtain an airwa}’ m the bronchi to prevent or relieve atelectasis This is 
what we have accomplished m our bronchoscopic drainage in cases of obstruction 
It IS what Santi probaby accomplishes w’hen he changes the position of the patients, 
dislodges the obstructing mass and establishes an airway It is what Gibson m 
New York probably accomplishes when he thumps and beats his patients, ^ 
Scott, Henderson and Cor 3 'llos accomplish when they increase the depth 0 
respiratory movements by inhalations of carbon dioxide 

There is one phase of this w'ork of Van Allens which has worried me 
deal and that is the question of cough In a previous paper he claime 
order to produce obstructive atelectasis one must have resisted cough 
one should separate cough into two types I fully agree with him that in 
ductive cough,” when the obstruction is not relieved, the iiispiratorv e 
follows the unproductive effort forces, and the negative pressure in the 0 
tissues draws, the obstruction toward the periphery iilahie 

On the other hand, “m productive cough” there is sufficient air or 
air,” as Vdn Allen calls it, behind or peripheral to the obstruction, 0 ^^^ 
bronchial tubes of the secretions and to maintain an airw'ai anc 
reaeration of the lung ^ (i,e pid 

Thus \*an Allen’s demonstration of the presence of avaiLb e ndjacti't 

monary tissues distal to an obstructed bronchus which comes rom 
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alveoh of an unobstructed lobe fits into our clinical observations In other words, 
IS this not a phjsiologic provision on the part of nature to provide the adequate 
“available air” behind or peripheral to obstructing bronchial secretions that makes 
the productiv’’e cough efficient^ AVhat would happen to the human race if one 
did not have a productive cough’ I feel that although on first sight this looks 
entirelv at odds with clinical experience, it fits into it verv well if one divides 
cough into two tvpes, as clinicians have done for manv vears, giving sedatives lor 
the unproductive cough and stimulants for the productive cough 

Dr Howard Liliexthal, New York I am absolutelv unable to criticize or 
m a scientific waj to comment on the excellent demonstrations that vou have seen 
here I must confess that I was a bit shaken up bv Dr V'an Allen’s exposure of 
the apparent impossibilitj of producing lobular atelectasis bv plugging the bronchus 
I do know something, however, about what the lung looks like when the chest is 
opened I have operated on the chest in suppurative disease I hav^e operated on 
it for tumor and for various other conditions exclusive of the empvemas 

I have noticed repeatedly, and I am sure that all of vou who have performed 
operations of this kind must hav^e noticed, that there are occasionallv, especiallv m 
the lower lobes, spots of atelectasis plamlv marked out bv pittmgs several centi- 
meters in aiameter, and that these spots of atelectasis are bv no means confined to 
large areas of the lung, but maj occur m perhaps fifteen or twentv different places 
on the surface of the lung and resemble cicatrices Bv increasing the intra- 
pharjngeal pressure the lung can graduallv be distended, and these atelectatic spots 
can be blown up to the normal size and color of the lung 

I am not going to trv, after what I have heard todav, to make am explanations 
I shall onlj sa} again what I suggested m 1919, after mv w'ork at the front during 
the World War when I performed operations on a good manv chests, that this 
sort of atelectasis, which w'e at that time called traumatic atelectasis, is probablv 
due to a spasm of the lung, and I see no reason whv I should give up that opinion 
I believe that a condition inherent in the lung — an idea that some one else hinted 
at todav — produces this form of atelectasis, and not necessarilv obstruction of 
some kind If there were an obstruction active inflation of the lung would simplv 
accentuate the atelectasis bv filling the other parts ot the lung and leaving the 
atelectatic patches because thev are obstructed But thev, too can be blown up, 
and the lung attains its normal appearance and size 

I offer these remarks simplv that Dr Van Allen and the others who arc work- 
ing on this extraordmarilv interesting subject mav, if thev wish, take this view 
into consideration 

Dr C M ^^A^ Allex, New Haven Conn I should like to leave one idea with 
vou namelv, that atelectasis is complicated It is not a simple affair of blocking 
and absorption of air I heartilv agree with Dr Lilienthal m his remarks and 
Dr Lee in regard to the other tactors that mav probablv plav an important part 
We have reached the stage in our examination ot the phenomenon of atelectasis at 
which we have progressed perhaps about 25 per cent into understanding the various 
phenomena seen in dogs W e see patchv atelectases dev elop spontaneouslv m 
does that have lam under ether anesthesia and to which nothing else happens for 
three or four hours or longer There mav be other tactors (we do not know what 
thev arc) that are essential to the production ot atelectasis We know that even 
111 bronchial plugging there are manv factors that enter besides those commonlv 
thought simplv the absorption oi air Strained breathing greatlv accelerates the 
ab'-orption ot air, and even when this breathing is controlled there are still other 
lactors tint we do not understand perhaps congestion perhaps inflammation 
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In other words, we have dogs in which ever} thing is controlled, the tipe of 
respiration, the tvpe of bronchial plug, the position of it, everything we can pos- 
sibly lay our hands on, and still we find 100 per cent variation in the occurrence 
of atelectasis, even in the rate of formation 

The problem is not solved yet, it is complicated and there is still a lot ol work 
to be done 


Perhaps I have an explanation foi Dr Lilienthal's observation—I sav perhaps 
because I am not able to say it certainly is so I have found the same thing in 
dogs The patchy atelectasis appears when the lung is inflated and disappears 
readily On the other hand, we have found that these patches of atelectasis in 
dogs, if one carefully exploies the bronchial tree with fine scissors and runs down, 
always have a plug After vou have blown them up the plug is still there How' 
do they blow up •' From intercommunication that exists peripherallv from free 
parts of the lung over in the other parts The blownng up is very simple I 
think that perhaps that is an explanation I still feel that there may be other 
explanations for some of these phenomena 

Another point I should like to emphasize is the mechanism of cough Cough 


depends on what one might call available air in the lung distal to the plug to 
remove that plug That is, if there is no air or if the content of air in that 
imprisoned part of the lung is lower than in any other part of the lung b a 
considerable degree, the pressures there are smaller than the pressures elsewhere, 
and the cough is absolutely unable to evacuate the material The cough must 
have a battering ram to use, and that battering ram is the available air in tiie 
lung that can be expired , the residual air does the cough no good , it cannot be 
used by the cough In other words, if a plug has persisted in the bronchia 
lumen long enough for the absorption of air to occur to an appreciable degree 
behind it, then the available air has been lost and the cough can no longer e\pe^ 
or be expected to expel the material unless it gets available air as a resii t 
previous deep inspiration around the peripheral connections We have seen t u 
occur repeatedly m dogs We have found that after a partial remova o 
air, the air is supplied by the next inspiration, and cough is then ^ 
removing the material, so we heartily agree with Dr Lee, Dr 
and others wdio first apply deep breathing as a means of prevention o 
to allow the lung to aerate itself behind the plug Dr Lee and Ins co 
in their marvelous work on bronchoscopy being done in tins city, that o 
ing just one part of the lobe, enter the lobe and free it and allow aw ° 
the periphery , cough will do the rest However, do not forget la^^^^ cannot 
not the only actor , ciliarv action and peristalsis are also concerne 
depend very much on peristalsis, but ciliary action is known to e e cariiw 
Dr Myerson of Brooklyn has observed blood stains earned 
to the larynx in twelve minutes More recently, Dr Bulovvay carried 

same thing m the bronchi by roentgenograms, opaque pen'talt'^ 

appreciable distances in a few minutes He calls the action perbap' 

action I should say that perhaps it was bronchial perista tic Q],ar\ actio" 
ciliary action Most patients get well if nothing is done or eet od 

perhaps gets nd of the material the patients do not lave 


of It rewiited * 

Dr Pol N Coryllos Dr Van Allen and lus mteraheoL'' 

thorough experimental paper The passage of air tiroUo^ Poweier tba> f’'"' 

septums is a fact of great physiologic importance I o not ol 

needs to consider the alveolar “pores” necessary in t le P pCit wb" ‘ 

exchange in the lung In our paper Dr Birnbaum anc c<s 
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had alread} been mentioned in a previous paper of Drs Van Allen and Adams 
The interalveolar “holes” (“trous d’usure,” Letulle) were known and carefully 
studied a long tune ago The question of their existence has been the topic of 
heated debate among different investigators The majority tend to believe that the 
pores generally occur in the lungs of elderly subjects and that they are the result 
of a wear and tear process Whatever they may be, these pores are not essential 
for the explanation of this phenomenon because the interalveolar septums are per- 
fectly permeable to gases This can be shown by insufflating 100 per cent ether 
vapor into the alveoli through the obstructing cannula The passage of air ceases 
immediately because of the edema of the interalveolar septums caused by the 
ether This explains why patchy atelectasis is possible only in the presence of 
some degree of inflammatory edema of the alveolar endothelium In a healthy 
lung patchy atelectasis would be little short of impossible because exchange 
of gases continues through the interalveolar septums even when an alveolar duct 
IS completely obstructed 

Dr C M Van Ailen, New Haven, Conn In answer to the question on 
lobular atelectasis, I should have gone into that question because it is easih 
explained In speaking of the position of the plug of the obstruction, we have 
spoken of lobular and lobar simply to trv to make it simple, but what we really 
mean is, is the obstruction an isolating obstruction or is it a nonisolating obstruc- 
tion’ An isolating obstruction may be a lobar obstruction or it may be a lobular 
obstruction in which there is no action of the intercommunicating cores between 
the two parts of the lung That may occur readily We found that these con- 
nections between the lobules of the lung function only if a person is breathing 
normally and deeply , for mstaiice, in a dog that is lying quietly under ether anes- 
thesia, part of the alveoli may be functionless It is part of nature’s method ot 
giving him a margin of safety m his lung He has too many' alveoli for quiet 
breathing, and after having instituted an obstruction, in such an animal, we find 
that at first there is no passage of air around through the connections but if 
the dog then takes a deep breath spontaneously, as they^ sometimes do after 
waking after ether and start to breathe deeply, the connections open up, and after 
that there is free passage of air Not only' physiologic collapse, but exudate, 
small pneumonic patches, may interfere with such communication from lobule to 
lobule If water is injected into the free parts of the lung, the intercommunica- 
tions can be plugged up edema in the lung being a common result, associated with 
the infection that gives rise to bronchial obstruction 

Aii\ of these various factors ma^ interfere with the action of the inter- 
communications We are not saymig that they operate under all and even cir- 
cumstance they operate in a normal lung when the patient is breathing normalh 
and deeph, and therefore we advocate deep breathing for these patients to main- 
tain the patency of the free parts of the lung 

Hie other point Dr Coryllos made was that he could not repeat m\ experi- 
ments I can explain that also I beheie He uses a balloon which when inflated 
thoroughh seals off the bronchial tree, but in inflation, because of the elasticiti 
ol the rubber, it spreads itself along the bronchial lumen for quite a distance and 
therefore not a lobular but a lobar obstruction has been produced The balloon 
■'Preads itself out oier the whole bronchus, so that probable no free passages are 
kit there I wish that he eeould get one of me cannulas, eehich selectieely 
obstruct a gieeii point m a bronchial tree, alloeeing tlie bronchial branches proximal 
to that to remain patent eehereas his balloon spreads itself out a long eeae oeer 
the bronchus 
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Dr F T Lord, Boston I should like to discuss somewhat further the etiologv 
of atelectasis, because running through the meeting this morning is a current of 
apparent belief that bronchial obstruction is the only cause of this condition, 
and I cannot believe that the evidence warrants such an assumption It has long 
been recognized that there is a type of atelectasis, retraction or compression 
atelectasis, arising in consequence of encroachment on pulmonary tissue, most 
commonlj obser\ed in connection with the accumulation of fluid or gas in the 
pleural sac or under the elevated diaphragm There is no reason to believe that 
this t\pe of atelectasis is due to bronchial occlusion The degree of collapse 
IS usually in direct proportion to the amount of encroachment and the physical 
signs, modified by e\trapulmonar\ fluid or air, are those of solidification of the 
lung with open bronchi 

There is also a second well established type, obstruction atelectasis, arising 
in consequence of bronchial occlusion With this type, the physical signs are 
tininess, diminished or absent breatliing, voice, whisper and tactile fremitus over 
the involved region, and tins combination of signs is quite different from those 
over collapsed areas witii open bronchi 

In our experience, much reliance can be placed on plnsical signs in the dis- 
tinction betvveen collapse witii open and collapse with closed bronchi Roentgen 
examination, though of value for the establishment of atelectasis, cannot often 
be expected to afford evidence regarding the presence or absence of bronchia! 
obstruction, and even bronchoscopy mav fail definiteh to answer the question 
regarding the ingress and egress of air 

Such considerations are of practical importance in the diagnosis of the con- 
dition under discussion and have a bearing on the relation of bronchostenosis to 
lobar pneumonia, during winch, to yudge from physical signs, the bronchi are 
iisiiallv open At times, however, with lobar pneumonia and more often vvi i 
postoperative pneumonia, there is atelectasis with signs of closed bronchus 
It mayf be that atelectasis arises only under these two conditions, but tiers 
IS a small puzzling group in which atelectasis complicates pneumonia or m 
tion, and at autopsy there is no compression from without or bronchial 
In such cases it is difficult to exclude the previous presence of a broiic iia 
and the persistence of the collapse of the lung after its disappearance, u 
be that a profound disturbance of local function is also capab e o c 
atelectasis j 

Dr Pol N Coumlos Two points have been raised in the grate 

paper on which I should like to insist The first is that we f ^pen 

"obstructive” from "compressive” atelectasis, and that the latter, ^^o 1^^ 

or tension pneumothorax or presence of fluid m the pleura, is n 
the same mechanism” I cannot agree with Dr Lord on the 

contrary I believe that, although it might seem paradoxic bronchia! 

mechanism of production of atelectasis is always the same, n 
obstruction and absorption of the entrapped alveolar air by ^ ^ m 

The factor of the obstruction, although less evident ui the jj,;, big 

the obstructive form of atelectasis, is none the less aheolams are 

bronchi may be patent, but the small bronchioh, artria an uc 
collapsed The proof of it is that the simply collapsed « 
lung, as in open pneumothorax, still contains air, and if t caim”’ 

This shows that notwithstanding the perfect elasticitv o t 

be completely expelled but it is entrapped m the alveo i eca dic 

and obstruction of the bronchioh Furthermore, the co apse^^^^ apneim a*i^ 
time of the production of the open pneumothorax was not air 
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oi .itclcclatic), will licLOiiic so if llit .miiml siirsncs foi the pciiorl iilC(.ssii\ 
foi the subsequent .ihsoiptinii of the enti.ippecl .ihenl.ii iii 1)\ the iiuie i)l.i\ 
of exehanges of g ises 'Jhciefon, in eoni]iiessi\c is well .is in ohstriietne 
iteleelnsis, ipneiimitosis is piodnced h\ ex.icth the s mie niech.anisiii 

Ihe stcoiul point is th.it in some cises .itelect.isis could he piodiieed 1)\ 
bronchocoiistriclion, .is m.nint lined h\ IJi Lilienth.nl It is, I think, the onh point 
with which I regict to hue to dis.igitc with the pioiieei of thnr.ieic snigen in this 
coiintn I disagice hccaiise, is I Inec ilieuK e\pl.iined, hionchi.il spasm ne\er 
piodnces complete ohstrnction In hionchostenosis of am oiigin, on deep iiispir.i- 
tion when the lung cvpands .iiid the hronchioh dilate, nr enters the .iKcoli, 
whcrcis on c\i)ii.ition, .iiid especi ilh m foiced cvjnratorj moiemeiit, when the 
lung and hronchioh coll qisc no air cm he eviielled (one-wai n ihe) St.irling 
and T.ickson h.nc giien .1 ele.ir description of the iihe^omenon I his is win in 
all inst inces in which hronchiosj) isni occurs cmjilnscma and not nlelcef.isis is 
produced In allergic .isthma in m.in aiiapln l.ictic shock in the guinea-pig (in 
which the shock oigan is the lung) md 111 some c.ises of incomplete hronchial 
ohstrnction In foreign hod\, there is .ilwa\s emplnsenn and ne\ei atelectasis 
Furthernioie, how cm hronchospasni, which is .ilwajs gciicrah/ed, e\phin the 
lohar distribution of .itelect.isis .iiid its predilection for the lower lobes or for 
the lung of the side on which flic iiitieiit lies’ 7 hat hronchosp.isni could he a 
condition favoring the iiroduclioii of a subsequent complete hronchial obstruction, 
I would he readv to admit But even then, win is itclcct.asis so rare in allergic 
hronchocoiistnction ’ Wihncr and Lee have 1 itch' uphold the thesis th.it atelec- 
tasis IS due to illcrgic hronchiospasm I am afraid that this w’.av we have 
unnccessariK complicated the question of atelectasis I think our socictv will 
render a real service to the medical jirofession if we dcfimtclv state that atelecta- 
sis IS alwavs due to hronchial obstruction The phvsician should give the patient 
the benefit of a c ireful cx'.amination, rociitgenograplnc and hronchoscopic I am 
conv'inccd that in this wav many patients with latent foicign bodies, carlv tumors 
abscesses of the lung or inflamniatorv bronchiectasis would be treated accordinglv 
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ITS EFFECT ON THE POSITION AND ACTIVITY OF THE 

DIAPHRAGM ^ 

RICHARD H OVERHOLT, MD 
philadi:lphi\ 

That pulmonaiy hypoventilation exists after abdominal opeiation is 
a well accepted fact The alteration in the type of respiration, the 
limitation of lespiratory effort and the sense of thoiacic oppression 
which many of these patients exhibit or complain of are evidence of 
this fact Fnrtheimore, a i eduction in the vital capacity of patients 
after abdominal operations has been demonstiated by Chiiichill and 
McNeil,^ Head,^ Poweis,'’’ and Muller, Oveiholt and Pendergrass* 
This hypoventilation occurs after lower, as well as after tippei, abdomi- 
nal operations but is more maiked aftei the latter It may result 
from seveial factois Last >eai Muller, Pendei grass and I* leported 
some obsei vations on the pulmonary status of patients before and aftei 
abdominal opeiations Dining this study we observed that post- 

opeiatively there occuried an elevation of the diaphragm and a restriction 

of its activity Recently Patey ’’’ also observed a diminution m the 
movements of the diaphragm after abdominal operations A com 
panson of the preoperative and postoperative roentgenogiams m his 
papei shows the diaphragm to be elevated at the time of the post 
opeiative examination The piesent studies were undertaken m ai^ 
efifoi t to ascei tain w hat effect the entrance of an , with the resu hn& 
alternation of inti aperitoneal piessure, had m this piocess I have i 
found any discussion of the pioblem of distuibed pressure lelations p 

''=From the Department of Research Surgery of the 
vania and Surgical Division B of the Hospital of the University o e 

1 Churchill, E D , and McNeil, D The Reduction in Vita! Capaci i 

lowing Operation, Surg Gjnec Obst 44 483 1927 goiton ''t 

2 Head, J R The Effect of Operation upon the Vital CapaciU, 

& S J 197 83, 1927 Po.t 

3 Powers, John H Vital Capacity Its Significance ^2^" 
operative Pulmonary Complications, Arch Surg 17 304 (AUo I Postopei'*'*''^ 

4 Muller, G P Oierholt, R H, and Pendergrass E P 
Pulmonary H} poventilation. Arch Surg 19 1322 (Dec) - ’^jeclianu'U 

5 Patey, D H The Effect of Abdominal Operations on t le 
Respiration Bnt J S 17 487, 1930 
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beneath the diaphiagm icsulting fioni the pioduction of a pneunio- 
peiitoneum as a tactoi in the alteiation of diaphiagmatic position and 
actn It} 

That the intiapeiitoncal piessuic in the u])pci pait of the abdomen 
IS subatmosphei 1C has heen obscived b} Keppieh * Melchioi and 
:\Ielchior," Wagonei and Kiausc" I investigated this subject’® in 
dogs using vaiious methods for iccoiding the picssuie, and was able to 
demonstiate a mean subatmosphei ic jnessuic in the epigastiium of all 
animals in the hoii/ontal oi head-up position wdicn bieathing w'as quiet 
I found that wdien the closed method foi estimating piessuies is used, 
the mtrapei itoncal piessuie dcct cases duiing incpnation and met eases 
during expiiation Ihis is contiaiy to the obseivation of others wdio 
ha^e used an open S}Stein In othei w^oids, the subdiaphiagmatic and 
intiapleural pressuies fluctuate in the same diicction dining lespiiation, 
and not inveisely, as had jneviously been lepoited This w^ould suggest 
that, normally, free diaphragmatic activity is favored b) a subatmos- 
phei ic piessure in the upper part of the abdomen It w^ould obviously 
be more difflcult foi the diaphiagm to contiact against a positive intra- 
peritoneal piessuie 

METHOD 

Dogs \vere used in all of tliesc experiments The\ were kept under sodium 
iso-amy 1-ethyl barbituric acid anesthesia throughout the period of the experiment 
The drug w'as given intrapentoneallv and in a sufficient amount to drop the 
respiratory rate to 8 to 10 per minute, the usual dose being 50 mg per kilogram 
The position of the diaphragm w'as determined by making roentgenographic 
examinations at a uniform distance and exposure with the animal in the hori- 
zontal position (fig 1) It was found that the position and contour of the 
diaphragm could be ascertained more exactly when the exposures were made 
laterally A metal pm was inserted into the intraspinous ligament near the level 
of the dome of the diaphragm in order to provide a fixed point from which to 
make measurements Roentgenograms were made during both inspiration and 
expiration Errors in the timing of the exposure were minimized by reducing the 
respiratory rate and by making the exposure in three-tw'entieths of a second 

In order to check up on the accuracy of this method for determining 
diaphragmatic position, control animals under sodium iso-amyl-ethyl barbituric 
acid anesthesia w'ere examined at different times on different days during the 

6 Keppich, J Intraperitoneal Driick, Arch f khn Chir 116 276, 1921 

7 Melchior, E, and Melchior, P Intraperitoneal Druck, Arch f khn Chir 
119 148, 1922 

8 Wagoner, G W Studies in Intra-Abdominal Pressure, Am J M Sc 
171 697, 1926 

9 Krause, N J Der intra-abdomineller Druck im Bereiche des Subdia- 
phragmalraumes und Epigastiiums und dessen Bedeutung in der Magenchirurgie 
A.rch f khn Chir 144 201, 1927 

10 Overholt R PI Observations on Intraperitoneal Pressure Arch Sure- 

to be published ’ 
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Fig 1 — Lateral roentgenograms made before (A) and after (B) laparotoim 
on dog weighing 10 Kg, with uniform position, distance, exposure and respiratory 
phase Illustrates method of studying position of diaphragm Notice clearciit 
diaphragmatic shadow throughout Metal marker and thoracic vertebra used as 
fixed points in making tracings Elevation after laparotomy was 1 7 cm 
Diaphragmatic excursion before laparotomy was 1 2 cm , and after laparotom), 
06 cm 



* oi' 

Fig 2 — Superimposed tracings made trom roentgenograms 
control animals These experiments test the accuraci of the me ^j-^cings of 
changes in the position of the diaphragm At left, exposure b^"'- 

roentgenograms made on the same animal on different aNS, i cxpo'‘'‘'‘^' 

made during inspiration At right, tracings made one hour apa , 
during expiration Note the similaritj of these tracings 
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same phase of respiration 1 racings made of these loentgcnogr.ims and snper- 
iinposcd on cacli other showed the di.iphragm to he hi approMHialeh the same 
position m each exposure (fig 2) No animals were used in tlicso experiments 
in which the breathing was fast and diflicult to follow Often screral roentgeno- 
grams were taken during the same phase of respiration in order to cheek the 
accurace of the timing 

In sc\cntocn animals pneumopentoncuni w'as mdneed h\ injecting .nr m 
amounts varemg from 10 to 100 ce per kilogram of hod} weight In seeen ani- 
mals, studies were made before and after a laparotomy h.id been performed 
Diaphragmatie position and the extent of diaphragm.itie excursions W'cre deter- 
mined In superimposing tracings of the roentgenograms mule during inspiration 
and expiration before and alter the pnenmopentonenm had been mdneed 

Changes in the moeements of the di.iphragm w’crc observed fliioroscopicalh 
and recorded in eight animals before and after the injection of air into the 








> X> 1 ‘ II 
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Fig 3 — Kymographic tracing showing the effect of the injection of 100 cc of 
air (10 cc per kilogram) at tw'o different times on the character of thoracic and 
abdominal respiratory mosemeiUs Note that the increase m the rate lasted for 
only three or four minutes 


peritoneal cavity In three animals, after the injection of air, the fluoroscopic 
examinations w'ere repeated every forty-five minutes for a period of three hours 
In five animals kymographic tracings of abdominal and thoracic respirato'y 
excursions w'ere recorded before, during and after the injection of air into the 
peritoneal cavitj Immediately follow'mg the injection of air, the respiratory rate 
increased for a short interial and then dropped back to, or nearly to, its previous 
rate This effect is showm m figure 3 For this reason, all roentgenographic 
studies were delated until after the respiratory rate had returned to its original 
level 


REST. LTS 

Following the injection of air into the peritoneal cavity, or after 
laparotomy, two changes in the diaphragm weie observed In every 
animal studied an elevation and a diminution m diaphragmatic excur- 
sions weie noted 
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The npwaid shift of the diaphiagni could be easily demonsliated 
when the pieopeiatne and postopeiative films made dining similai 
phases of icspuation weie compatcd The dcgiee of the elevation 
vaiied fiom 0 3 to 1 8 cm . the avetage foi the animals given the mjec- 



Fig 7 — Superimposed tracings of rocntgciiograms made during both phases of 
respiration both before and after laparotomy Solid line indicates position of 
diaphragm during expiration, dotted line position during inspiration Note the 
extent of diaphragmatic inoiement before, and the limitation after Iso-amyl-ethvl 
barbituric acid anesthesia was used 


Tablf 1 — Diaphiagmatic Elevation w Twenty-One Dogi (Avetage IVeight, 
6 7 Kg) Undet Iso-Anivl-Ethvl Baibituiic Acid Anesthesia 


Llci ntion, Cm 

I ' 

Number of Inspirator} Lxpirntor} 

•tniimis Phase Phase Aicrngc 

“Ifter laparotomy 7 0 OS 11 1 02 

Xltcr pneumoperitoneum 14 1 4 1 4 0 9B 


Table 2 — Diaphiagmatic Movement in Fifteen Dogs (Avetage Weight, 8 6 Kg) 
Undet Iso-Amyl-Ethyl Batbitiiiic Acid Anesthesia 



Cm 

Normal e'pursion (6 animals) 

1 3 

liter laparotoni} 

0 57 

Normal excursion tn animals) 

0 69 

After pneumoperitoneum 

0 35 


tion being 0 958 cm , and that for the animals undergoing laparotom}’-, 
1 02 cm The extent of the elevation depended more on the size of the 
animal than on the amount of air injected per kilogiam of body w^eight, 
e g , after the intiapentoneal introduction of 100 cc of air per kilogram 
the diaphragmatic elevation during expnation for a dog weighing 3 5 

Kg was 0 4 cm , whereas in an animal weighing 6 Kg the elevation 
was 1 6 cm 




, ^ T* made on the fluoroscopic screen of diaphragmatic excursion 

5e ore, an at inter\als of fort}-fi\e minutes after the intraperitoneal injection ot 
-0 cc 0 air per kilogram Solid line indicates diaphragmatic position during 
expiration , dotted line, position during inspiration Note definite limitation of 
excursion of diaphragm which was maintained o\er a considerable period of time 



Tig 9 Tracings from fluoroscopic screen of diaphragmatic moiemenfs u 
normal conditions and aiter the intraperitoneal injection of 10 cc ol 
kilogram Solid line indicates diaphragmatic position during expiration 
line, position during mspiration The reduction of the excursions is n® 

A.t the conclusion ot the experiment, 40 cc more air per kilogram "as 
and the diaphragmatic action was further restricted 
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The gicalest change in the position of the diaphiagm took place in 
the posteiioi poition The tiianglc foimed b} the boidei of the heait 
and the posteiioi costophienic angle was diminished in size The out- 
lines of the bionchi in this aiea weie changed by the leti action of the 
lung following elevation of the diaphiagm An incicase in the si/e ol 
the thoiacic cage w'as noted, the heait assumed a highci position, and 
Its axis was slightly altcicd m all of the animals studied (figs 4 and 5) 
A 1 eduction in the extent of the diaphiagmatic exclusion in animals 
undei iso-ani} l-ethyl baibitunc acid anesthesia w'as noted in each instance 
aftei the pioduction of a pncuinopei itoncum (fig 6) Undei the 
fluoioscope, injections of fiom 10 to 100 cc of an pei kilogiam caused 
appi oximately a 50 pei cent decrease in the amplitude of the exclusion 
(figs 7 and 8) This eftect was noted ovei a peiiod of thiee houis 
Aftei lapaiotomi in evciy animal a sinnlai i eduction in movement w'as 
demonsti ated 

COMMON r 

These obseivations indicate that the cntiance of an into the peii- 
toneal cavity may be responsible m pait foi the i eduction of pulmonaiy 
ventilation by causing ele\ation and paitial limitation of the motion of 
the diaphiagm The alteiation of position and the lestiiction of activity 
of the diaphiagm may be the lesult of a change in the mtiapeiitoneal 
piessuie Undei these conditions the diaphiagm must move betw'een a 
positne mtiapeiitoneal and a subatmospheiic oi negative mtiapleuial 
pressuie That the noimal piessuie lelationships in which the 
diaphragm functions aie distuibed after the sealed intrapeiitoncal space 
IS opened is suggested by the similaiity of the lesults in the injection 
and lapaiotomy senes Fuitheimoie, once it has been established that 
the mean mtiapeiitoneal piessuie in the upper pait of the abdomen is 
subatinosphenc, it is obvious that an opening of this sealed cavity 
wmuld cause a change m the piessure m the subdiaphragmatic region 
Twm explanations for the fact that vaiiations m the amount of air 
injected failed to show corresponding elevations m the diaphiagm can 
be given 1 In pieviously repoited woik,^® it was shown that the mtia- 
peiitoneal pressuie changes immediately from a subatmospheiic level 
to a positive level following small injections of air, but fails to show a 
couesponding use on fuithei injections because of the elasticity of the 
abdominal musculature This w'as also pointed out by Coombs in 
obseivations on animals aftei intrapei itoneal injections of saline solu- 

11 Coombs H C The Mechanism of the Regulation of Intra- Abdominal 
Pressure Am J Phvsiol 61 159, 1920 



,ctm!" '""’“Tl prevent ete%3tw" 

2 The J.i aich ten<l ^ ^Hr)bute °-" °* the 1?ei't°"“ 

r the . hntdeis 

ttoii oi 

obsetv 


The pos^^'° nnt>betby^ bai the l assv 

det sodium ^so ^^^^^oducUou ° otoiuV- ^ restricted 

^oUo^vmg ^ ^^srih oi ^tebuitc :> ot ti 

y tniectiou ^ ^rs e^^cvirsi ^loentgeao^®^^^ ^ rbis 

I ot the I^epart-re 

Dr VC 3o^:>a assisted > 

awersity ot r 


ESOPHAGUS, STOMXCH AND HEART FOLLOWING 
UNILATERAL PHRENICECTOMY 


H C BALLON, MD 
H H WILSON, MD 
J J SINGER, MD 

AND 

I< \ GRAHAM, J^ID 

ST TOUIS 

That phienicectomy has a place in the tieatment foi certain diseases 
of the lungs would appeal to be a moie oi less accepted fact In the 
past, piactically all obseivations in this connection have dealt with the 
immediate oi i emote effects of phienicectomy on a diseased portion of 
the lung and on the lung as a whole, and justly so, foi this is 
undoubtedly the chief consideiation 

We obseived gastio-intestmal symptoms in a few patients following 
phrenicectomy In one instance the so-called condition of “cardio- 
spasm” supposedly developed following this procedure We there- 
fore deemed it advisable to study the lelationship of the diaphragm 
to the esophagus both befoie and aftei phrenicectomy The occurrence 
of certain cardiac symptoms in some of these patients following phreni- 
cectomy also led us to make electiocardiograms befoie and after the 
operation 

We have divided our paper into thiee parts, the first dealing with 
changes in the esophagus of patients following phrenicectomy, the 
second with changes in the esophagus of dogs following phrenicectomy, 
and the third with the electrocardiogram of patients before and after 
phrenicectomy The clinical observations were all made on patients 
in the chest service of Barnes Hospital 

ANATOMIC RELATIONSHIPS OF THE ESOPHAGUS TO THE DIAPHRAGM 

The anatomy of the lower end of the esophagus has been thoroughly 
studied by Mosher ^ and by Mosher and McGregor - Pai ticular atten- 

From the Departments of Surgery and Internal Aledicine Washington 
University Medical School, and the Chest Service, Barnes Hospital 

1 Alosher, H P Liver Tunnel and Cardiospasm, Laryngoscope 32 348, 
1922, Cardiospasm, Pennsylvania J 26 240, 1923, Findings with the Barium 
Bougie in Cardiospasm, Ann Otol , Rhin & Laryng 36 1127, 1927, The Lower 
End of the Oesophagus at Birth and in the Adult, J Larjmg & Otol 45 161 
(Alarch) 1930 

2 Alosher, H P, and AIcGregor, G W Study of Lower End of the 
Oesophagus Ann Otol , Rhin & Laryng 37 12 (Alarch) 1928 , Study of Lower 
End of Oesophagus, Tr A.m Larjng, Rhin &. Otol Soc 34 294, 1928 
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tion has been paid to the ciuial fibeis and to their foiinatioii of a nuis- 
culai sling about the lowei end of the esophagus The diaphiagm, 
which is a dome-shaped muscnlomembianous sheet, leceives its niotoi 
innervation fiom the phienic neives The sympathetic fibeis to the 
diaphiagm aie tiopic while the vagus takes no pait in its iniieivation 
The inteicostals send sensoiy fibeis to the diaphragm^ The esophagus 
pieices the diaphiagm by passing through the musculai hiatus esopha- 
gus It luns obliquely to the left as it passes through the hiatus at 
the level of the tenth doisal veitebia and thence continues veiy obliquely 
to the left into the stomach The abdominal poition of the esophagus 
01 epical dia is fiom about 2 to 5 cm m length (Caiman/ IinpeiatoiC) 
Physiologic nan owing of the lowei pait of the esophagus occuis at 
the hiatus and at the caidiac opening Much attention has been diiected 
to these two points in discussions on “caidiospasm ” 


The stiuctuie and position of the diaphiagmatic cun a seem to con- 
stitute a perfect mechanism for pmchrrig shut the esophagus at this 
point Jackson® suggested that the baiiiei to icguigitation which can 
automatically open at the approach of a bolus of food is located at the 
diaphiagm and is due to two mechanisms (1) the noimal kinking of 
the abdominal pait of the esophagus, and (2) the diaphiagmatic pmeh- 
cock Joannides obseived two types of conti action in the lowei pait 
of the esophagus of the anesthetized dog By inseitmg a finger into the 
esophagus thiough a gasti ostomy opening he could pioduce a ciiculai 
constiicting “esophageal” conti action as a result of stimulation of the 
peiipheial end of the ragus or of the esophagus at any level abore the 
gasti o-esophageal junction A second t)pe of conti action was coincident 
with each inspiration and was appaiently due to conti actions 
diaphiagmatic pillais This “milking action” was also observed fo ov 
mg stimulation of the tiunk or blanches of the phrenic neive m 
immediate vicinity of the pillais Saueibiuch® noted that the les^i^^ 
tance felt by a finger introduced into the esophagus thiough a b* 

3 Kiss, F, and Ballon, H C Contribution to the Ner^e Suppb of tlie 
Diaphragm, Anat Rec 41 285 (Feb 25) 1929 

4 Carman, Russell D The Roentgen Diagnosis of ' 

mentarv Canal, ed 2, Philadelphia, W B Saunders Compan}', ^ 

5 Imperatori, C T Cardiospasm, Arch Otolaiyng ti 178 (Fe 

6 Jackson, Chevalier The Diaphragmatic Pinchcock in So-Ca e 

spasm,” Larjngoscope 32 139, 1922 ^ (I,e 

7 Joannides, M Influence of the Diaphragm on the Esop lag jliaU*' 
Stomach, Arch Int Med 44 856 (Dec) 1929, 

Oesophageus of the Diaphragm to the Stomach, ibid 43 , ringer, 197^ 

8 Sauerbruch, F Chirurgie der Brustorgane, Berlin, ^rschlii''*' 'kr 

vol 2 Sauerbruch, F , and Haecker, R Zur Frage es 

Speiserohre Deutsche med Wchnschr, Aug 2, 1906, no 
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tiostoni} opening and attiibutecl by him to the sling of the diaphragm 
disappeaied following section of both phrenic nerres 

It IS obvious from such expeiiments that there exists a close rela- 
tionship between the normal diaphragm and esophagus It is there- 
foie of mteiest to deteimine the eftect of a high insufficient diaphragm 
on this relationship 

ErrccTs or ixsurncicxcv or the di \piiragm 
Following phrenicectom) the diaphragm on the same side becomes 
paiahzed, atrophic and derated and usualh shows a paiadoxic more- 
ment on lespiration Conditions similai m ererj respect hare been 
found in ceitain cases of erentration or “insufficiency" of the dia- 
phragm It IS therefoie advisable to consider cases of erentration 
Lerche advised the term “msufficienc} ’ rather than er entration 
for the condition in rrhich an abnormallr high leaf of the diaphragm, 
usually the left, forms a sachke dilatation into rrhich one or more of 
the abdominal organs, especiallr the stomach, colon or eren the spleen, 
are displaced uprvard The ranous causes asciibed to this condition 
aie congenital atrophr, dystrophy, neuromuscular degeneration fol- 
lorring injur), neuiitis or other mrolrement of the phrenic nerre or 
Its fibers, certain infectious diseases and changes in the musculature 
of the diaphragm such as pseudohypertrophic lipomatosis and m3 0sitis 
Acute insufficiencr of the diaphragm has been obserred follorving 
one of the infectious diseases After a ferv rveeks the diaphragm 
leturns to its noimal level, and all S}mptoms disappear® 

Chronic insufficiency of the diaphragm includes those cases in 
rvhich theie is a permanently elevated diaphragm Patients wnth tins 
condition may be singularly free from symptoms for a considerable 
period® The) ma), how'evei, haie sensations of heaiiness in the epi- 
gastiium and ma) also be troubled wuth d)sphagia or gaseous eructa- 
tions (Dillon^®) The) may also complain of d)spnea on exertion 
In such cases of eventration one finds a permanently large stomach 
bubble under the highl) arched diaphragm which mar even be at the 
lerel of the third interspace 

Hitzenberger stated that in the case of a high left diaphragm the 
pars cardiaca is displaced upw'ard and dorsalh, the lower end of the 
esophagus craniodorsall) instead of candor entralh This causes an 
angulation of the esophagus which he believed ma) be responsible for 

9 Lerdie W InsufiRcienc\ (Erentration) of the Diaphngm Siiro- Grnec 
Ohst 34 224 1922 

10 Dillon T Die Bezielningen zwischen Zwerchfellfunktion und Verdauuno's- 
krankheiten Arch f Verdauungskr 42 685 1928 

11 Hitzenberger K Das Zwerchtell Vienna Tubus Springer, 192/ 
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the so-called “dysphagia paiadoxa” It is called paradoxic dysphagia, 
because such patients aie able to swallow solids better than liquids, 
and because they fail to lose weight Eppingei stated that in the 
case of a diaphiagm high on the left side the gi eater curvature of the 
stomach comes to he anteiiorly and superioily while the lesser curvature 
lies infeuoily and posteiioily The duodenum is also displaced 
Lerche ® lepoited somewhat similai observations in a case of eventra- 
tion of the diaphiagm Theie was angulation of the abdominal por- 
tion of the esophagus as it enteied the elevated caidia and lotation of 
the stomach so that the gieatei cuivatuie pointed diiectly foiward 
Esophagoscopic examination in this instance confirmed the obseivation 
of mci eased angulation of the abdominal pait of the esophagus to the 
left The patient swallowed a tube filled with baiium sulphate Under 
the fluoioscope it was obseived that the esophagus tinned upward into 
the fundus at a more acute angle than is usually seen 

Hitzenbeigei “ also stated that in the case of a diaphiagm high on 
the light side the pyloius ma} come to occupy such a position as to 
make the longitudinal axis of the stomach he transveisely 

Such definitely distnibed relationships between the esophagus and 
the stomach in cases of eventiation of the diaphiagm wan ant even 
moie caieful consideiation of the eftects of phiemcectoniy 


LITERATURE NOTING GASTRO-INTESTINAL SYMPTOMS FOLLOWING 

PIIRENICECTOMY 

Hecht noted that some of his patients complained of a feeling of 
fulness after a laige meal the first few days following phienicectoni) 
He obseiied one patient with such comiolaints which peisisted foi a 
few weeks following a right-sided phienicectomy 

Maendl and Schwarzmann leported then expeiiences 
phremcectomies Almost all then patients the left side of y ws^ 
diaphiagms were paialyzed suffeied fiom loss of appetite, a 
fulness and vomiting directly aftei the opeiation, which was pei or 
undei local anesthesia 

In lepoiting 300 phiemcectomies Welles^'' stated 

number of cases the rise of the diaphragm was followed y ’ts 

rvpie no nioit' 

upsets The majority of these were temporar}'' anc ctomy 

common following left-sided than following iight-sided pirenic 


Eppinger K, quoted by Hitzenberger (footnote 11) . ™poniple''’ 

Hecht, P Phrenicustxhirese und gastrokardia en 
z Kim d Tuberk 70 336, 1928 , p^renico 

Maendl, H , and Scliwarzmann, E Unsere Erfahrungen 
exairesen, Beitr z Kbn d Tuberk 71 80, 1929 j r cpc of Piilniona'’' 

IS Welles E S Phrenicectomy in Three Hun re a 
Tuberculosis A,rch Surg 19 1169 (Dec ) 1929 
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Uebelhoei lepoited an example of lelaxalio diaphi agmalica fol- 
lowing a left-sided phi enlccctom^ on a woman, aged 24, with pvilmo- 
nai} tubeiculosis and cavitation This ease was lepoited m 1928, and 
the opeiation was peifoimed in Octohei, 1924 This patient had had 
some obstipation and eomiting befoie the opeiation These symptoms 
weie maikedly inci eased following the phienicectomy Theie was no 
caidiac displacement The patient did not complain of palpitation 
The condition aftei the phienicectomy suggested eithei a lelaxed dia- 
phi agm 01 a diaphiagmatic heinia Saueibiuch® opeiated on the 
patient, found a lelaxed diaphiagm and plicated it, the patient was 
lelieied of hei symptoms The diaphiagm was found at the level of 
the fomth iib The authois stated that they nevei obseived an eleva- 
tion of the diaghiagm aftei phienicectomy above 8 to 9 cm on the 
left oi abo\e 12 cm on the light They stated that the following con- 
sideiations aiose in then case, which is the onl}'^ one obseived in a 
peisonal senes of 1,000 phienicectomies 1 The shi inking lung may 
have pulled the diaphiagm with it, since the wall of the chest and the 
mediastinum weie unyielding because of adhesions 2 A coexisting 
meteoiism expiessive of an inci eased intia-ahmentaiy piessuie foiced 
the diaphiagm up highei than usual This is m accord with the views 
of Assmann 3 Theie may have been a congenital basis, that is, a 
pieexisting weakness of the diaphiagm 

the ErrECT or phrenicectomy on the esophagus 

We examined twenty-seven patients before and aftei phrenicectomy 
Fkioioscopic and loentgen examinations of the esophagus and stomach 
with the use of an opaque meal consisting of a thick mixtuie of baiium 
sulphate and watei weie made Five of the twenty-seven patients 
whom we examined complained of the following symptoms following 
phienicectomy one of euictations of gas, anothei of “heart burn” a 
thud of vomiting and two of dysphagia One of the latter symptoms 
occuiied after a right-sided phrenicectomy Our observations were 
made on patients who had phienicectomy perfoimed foi pulmonaiy 
tuberculosis (nineteen cases), bronchiectasis, chionic abscess of the 
lung, chronic empyema or hemoptysis 

We have consideied oui cases as follows 

1 Left-sided phrenicectomies with marked delation of theparalj?ed leaf of the 
diaphragm 


16 Uebelhoer O Rela\atio diaphragmatica nach kunsthche Zwerdifdlah- 
miiiig Deutsche Ztschr f Chir 211 266, 1928 

17 Assmann H Khnisdie Rontgendiagnostik der inneren Erkrankungen 
cd 4, Leipzig, F C W A^ogel 1929 
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Following phienicectomy we did obseive slight lespiiatoiy deflec- 
tion of the loweimost thoiacic poition of the esophagus The noimal 
contiacting leaf of the diaphiagm appealed to displace the lowei pait 
of the esophagus to the mneivated side duiing inspiiation, and pei- 
niitted It to letnin to its foimei position dining expnation 

Oui chief mteiest was centeied aiound the abdominal portion of 
the esophagus and what might happen to it following phienicectomy 
The abdominal poition of the esophagus could he affected in two ways 
(1) as a dnect consequence of the anatomic i eai i angement following 
the use in the diaphiagm and (2) as a lesult of the pull of the 
opposite contiacting diaphiagm Both could, of couise, opeiate 

We have obseived that elevation of the left side of the diaphiagm 
following phremcectomy lesults in upwaid displacement of the stomach 
and gives use to a peimanently laige stomach bubble We have noted 
that the cuive that the esophagus noiinally makes aftei it leaves the 
hiatus to entei the stomach can become shaipei (fig 1) Wnethei the 
upwaid displacement of the diaphiagm and stomach is due to negative 
intrathoi acic piessuie, increased mtia-ahdominal (or mtia-ahmentarv) 
piessuie 01 dispropoition between the two we do not know The colon 
may also come to occupy a position within the thoiax One cannot 
with absolute certainty say that the stomach and colon follow the dia- 
phragm m a purely passive way Ceitainly intei position of othei struc- 
tuies between the diaphiagm and the stomach is laie 

Fluoroscopic examination of one patient following right-sided 
phremcectomy showed that the baiium-filled stomach became deflected 
to the light with each mspnatoiy conti action of the left side of the 
diaphi agm 

Dr Sheiwood Mooie^® obseived that theie may be displacement 
of the pyloius to the left m cases in which the fundus is displaced 
upwaid He theiefoie suggested that this upwaid displacement might 
be due to contraclockwise lotation of the greater cuivature, the lessei 
cuivatuie lemaming more oi less fixed This would tend to prevent 
inaiked distortion of the abdominal poition of the esophagus which 
would othei wise occui Fie felt that this point requires furthei con- 
fii Illation 

Oui observations in the cases giouped in the inanner previously 
noted have been as follows 

1 Cases that resulted in a marked elevation of the left diaphragm also showed 
a lerj large stomach bubble and increased angulation of the abdominal portion of 
the esophagus (fig 2) Such angulation folloeemg phremcectome is not of serious 
moment 


18 i\Ioore, Sherwood Personal communication to the authors 
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esophagus and the iioimal “milking action obseived, that is, the baiium 
enteis the stomach duimg expiiation During mspiiation the flow of 
baiium seems to be mteiiupted, so that no barium is obseived in the 
esophagus below the diaphiagm This milking action is not impaiied 
following unilateial iight-sided oi left-sided phi enicectomy We have 
not had an oppoitunity to study the “milking action” in a patient in 
whom both phrenic neives weie cut From the expeiimental woik 
done b} Saueibiuch® we would expect the milking action to be lost 
in the case of bilateral phi enicectomy 



Fig 3 — A man, aged 26, a patient of Dr Duff Allen, had tuberculosis of the left 
lung A left-sided phrenicectomy was performed on Oct 14, 1929 This film, 
taken m April, 1930, shows displacement of the thoracic portion of the esophagus 
Avhich is due to pulmonary and mediastinal fibrosis The left side of the 
diaphragm is only moderatel> elevated There is a large stomach bubble, but onlj' 
slight angulation of the abdominal part of the esophagus The patient began to 
complain of eructations of gas, six months after the phrenicectomj 

We have failed to observe any marked delay in the emptying of the 
esophagus following phi enicectomy 

It IS obvious that we have endeavored to diaw some analog}' between 
nn eventrated diaphragm and a high parahzed diaphragm following 
phrenicectomy The etiologic factoi may be the same in both, injury 
oi destruction of the phienic nerve Histologically the diaphiagm in 
both cases is atrophic An anatomic rearrangement of the normal 
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relationship between stomach and esophagus exists in both We believe 
that phienicectomy has been pei formed so frequently without the 
pioduction of sjmptoms that, as m the case of eventration of the dia- 
phiagm, pel haps some hitheito unmentioned factor is necessary to pre- 
cipitate symptoms 

It IS difficult to localize the symptoms noted by oui patients in any 
one pait of the gastio-intestmal tiact An which normally collects 
in the stomach may fail to be expelled readily following phrenicectomy 



Fig 4 — A woman, aged 22, a patient of Dr Duff Alien A nglit-si e 
cectomv was performed for pulmonary tuberculosis This film shows 
of the thoracic portion of the esophagus which is the result of pulmonan^ 
Fluroscopic and roentgen examination failed to show anv increase m ^ 
the stomach bubble and no increased angulation of the abdomina cd 

esophagus The normal milking action of the diaphragm could sti e 
after the diaphragm had been paratyzed 


^}tlS 

because of the loss of the contiactile powei of the diaphiagm 
m itself may be sufficient to produce symptoms 

19 Knosp, J Die Therapie des gastrokardialen Simptom Kon P 
Arztliche Fortbildung 15 720 (Nov ) 1929 



BALLON ET AL —UNI LA I ER ^IL PURL MLlC I (>\! 


THE APPARENT OCCURRENCE OE “cARDIOSP \SM” lOLIOVi' 

PIIRENICECIOMY 

We obseived so-called “dysphagia paiadoxa” onh in the , 
in whom “caidiospasm” developed 

REPORT OF CASE 

Case 1— A. white woman, aged 36, was first admitted to P.ariicv Ho,, 
Oct 23, 1927, with complaints of cough associated witli cliokmg and w 
expectoration and the loss of 20 pounds (9 Kg) m weight in two ae-^r 



Fig 5— A wmman, aged 36, with bilateral bronchiecta 
phrenicectomy was performed on April 12, 1928 Two mon 
developed A, this film, made during October, 1929, shows ^ 
the esophagus, above the diaphragm, and an even, smooth nar 
extremitj of the esophagus, B, this film, made tw'o dajs af/ 
examination, show's the bronchial tree outlined with iodized 
outlined with barium The left side of the diaphragm is 5], ' 
IS no marked angulation of the abdominal portion of the c ^ ' 



5* 




patient had had repeated attacks of pneumonia She had 
stipation and occasional pain in the left lower quadrant 
Her present illness began when she was 6 3 ears of ar, 
at that time, and from 1907 to 1926 she had recurrent 
lasted for a considerable period e\er^ winter Her ( 
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foul and rather copious She also had fever, sweats and chills Her attacks of 
coughing occasionally caused vomiting 

On admission her complaints were apparenth as severe as they had evei been 
Ph} steal examination showed main rales at the base of the left lung An injec- 
tion of iodized poppv seed oil -10 per cent (b\ the aspiration method) demon- 
strated the presence of bronchiectasis of the lower lobes of the lungs Examinations 
of the sputum were repeatedl}' negative for tubercle bacilli, and the Wassermann 
reaction was negative Artificial pneumothorax was attempted, but air could be 
introduced onI\ in small amounts because of adhesions, so that this treatment was 
soon discontinued The patient made some improvement on postural drainage 
A left phremcectomi' was performed by Dr Graham on April 12, 1928 The 
patient nas discharged from the hospital ten days later The left side of her 
diaphragm was paralyzed and definitely elevated 

One and one-half years after the phrenicectomv the patient was readmitted to 
Barnes Hospital (October, 1929) Her chief complaint was dysphagia She stated 
that the difficulty m swallowing developed two months after phrenicectomy At 
the time of admission djsphagia was less marked than it had been two months 
previously Liquids caused more difficulty than solids, and she occasionally 
regurgitated undigested food She also complained of substernal oppression She 
had no pain and had not lost weight A roentgenogram made shortly after admis- 
sion showed an even dilatation of the esophagus (fig 5) This dilatation seemed 
to start a short distance above the diaphragmatic opening of the esophagus 
There was an even smooth narrowing of the lower extremity of the esophagus 
Dr Arbuckle made an esophagoscopic examination on Oct 11, 1929 The patient 
receiv'ed % gram (108 mg) of morphine and Yiso grant (0^ rng) of atropine 
thirty minutes before esophagoscopy was performed No local anesthesia was 
used, and it is noteworthy that the patient did not gag or show any sign of feeling 
the tube The esophagus u^as found to be filled with frothy mucus from a point 
just below the cncopharyngeus muscle down to the diaphragm The mucosa o 
the esophagus appeared otherwise normal At the level of the diapiiragni tie 
interior of the esophagus resembled an old-fashioned tobacco pouch close y 
twisting The right wall of the esophagus seemed to trav'el posteriorly, and t e e ^ 
wall anteriorly', m making the twist The lumen of the esophagus at the eve 
the diaphragm could be readily dilated to admit the full-sized tube The stomac 
appeared normal ^ 

Following esophagoscopy the patient was given atropine sulphate, Hoo & ^ 
(0 3 mg), twice a day' Fluoroscopy four days later still shovve a 
esophagus, but the flow of barium into the stomach was more prompt, 
patient was symptomatically improved 

PHRENICECTOMY AND CARDIOSPASM 

We aie foiced^ to comment on the relationship of the 
to “cardiospasm,” as we have noted one possible case 
phrenicectomy 

Jackson stated that of hundieds of cases of so-called ca ^ 
he had never seen any m which the spasm at the hiatus vt as ai 
than vv'hat might be called maximum normal His gv^ecs- 

esophagoscopic observations, is that the failure to open, tacter 

sive spasm of the diaphiagmatic pmchcock is the chie et o & 
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in mail} of the cases of cardiospasm Rieder noted that the spasm 
\ihich IS felt by one’s finger in the esophagus does not disappear if the 
vagi aie cut It disappears, howevei when both phrenic nerves aie cut 
(Sauerbruch Rieder has neier been able to produce caidiospasm 
experimentally 

Sauerbruch ® consideied the sling of the diaphragm to be all- 
impoitant m the pioduction of “cardiospasm” Guns pointed out that 
a phrenospasm may be found in normal subjects, and cardiospasm in 
patients with esophagectasia He stated further that at the beginning 
of an acquiied dilatation of the esophagus, a phrenospasm exists It 
IS later changed into a cardiospasm It is interesting to note that 
Biinberg^- stated that both Douglas and Moriison blocked phrenic 
neives of patients with alcohol in an effort to relieve cardiospasm, but 
without lesult Ernst did not observe any obstruction at the cardia 
in forty-one patients following phrenicectomy 

As symptoms of cardiospasm developed in one patient two months 
after phrenicectomy, and as we found definite evidence of the condi- 
tion eighteen months later, it was suggested that caidiospasm might 
be a consequence of phrenicectomy 

EXPERIMENTS ON ANIMALS 

Our experimental investigations were carried out on dogs The 
following questions were considered 

1 Is there any obstruction at the lower end of the esophagus following 
phrenicectomy? 

2 Does an elevated diaphragm result in displacement of either the thoracic 
or the abdominal portion of the esophagus’ 

3 Does the esophagus become deflected bv respiratory mor ements of the 
diaphragm on the nonparalyzed side following phrenicectomy? 

4 Is the size or shape of the esophagus altered following phremcectomj' ? 

5 Is there any evidence of so-called “cardiospasm” following phrenicectomj' ? 

Tcchmc — All our experiments were performed on dogs In the early experi- 
ments the animals W'ere given ether anesthesia It w'as soon noted that the 
esophagus appeared extremelv dilated as a result Anesthesia was therefore not 
used w'hen the roentgenograms w ere made V anous means of filling the esophagus 
with an opaque meal were tried The best results were obtained b\ using an 

20 Rieder, W Der sogennanten Cardiospasmus Eine experimentelle Studie 
Deutsche Ztschr f Chir 217 334, 1929 , Klinik und Therapie des sogenannten 
Cardiospasmus, ibid 222 47, 1930 

21 Guns P Phrenospasm and Cardiospasm m Mega-Esophagus, Arch 
OtolarMig 8 156 (Aug) 1928 

22 Birnberg T L Cardiospasm m the New-Born Infant Am T Dis Child 
38 1185 (Dec ) 1929 

23 Ernst Al Kunsthche Zwerchfellahmung und Cardiospasmus Deutsche 
Ztschr f Chir 220 258 (Xo\ ) 1929 
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ordinary 50 cc svnnge to inject the barium mixture through a rubber catheter, 
which was introduced into the esophagus through a perforated wooden mouth gag 
The catheter was passed into the upper third of the esophagus, so that complete 
filling of the lower two-thirds was obtained Roentgenograms were taken imme- 
diately following the injection 

The phrenic nerve was severed in the thorax close to the diaphragm All 
phrenicectomies were performed under ether anesthesia The positive pressure 
machine of Erlanger and Gesscl was emplo 3 ^ed 



Fig 6 — Dog 324 A, this film, taken in slightly oblique position 
normal esophagus, R, this picture, taken after the phrenicectonri , 
elevation of the left side of the diaphragm and increased aiioU a ^ jjeneath 
abdominal portion of the esophagus, the fundus of the stomach les 
the elevated left side of the diaphragm, C, m this film, taken from 

operatively, note the dilated esophagus Barium has not been pr 
entering the stomach 

n 10 1929. short efi 

Left Pin ciucecfoiiiv Doc 324 — Control films taken on Joying dai ^ 

a normal esophagus The left phrenic ner\e was cut on t e o^ riiapln'i?'’! 
film taken ten daj's after the operation showed the left si e o 
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definitely elevated There seemed to be increased angulation of the abdominal 
part of the esophagus This resulted from tl e ascent of the fundus of the stomach 
beneath the elevated leaf of the diaphragm This film was taken in a slightly 
oblique position so that the barium filled stomach would not oierlie the abdominal 
portion of the esophagus Definite dilatat.on of the esophagus was noted in a 
film taken seven weeks after operation (fig 6) The animal ate well and did not 



" — Dog BIO 4, a control film, taken kfarch 28, 1930, B, appearance 
following left-sided phrenicectom% which was performed on -kpril 1, C this 
film, taken on the eighth postoperatne dar shows slight eleration of the left side 
oi the diaphragm with but slight upward displacement of the stomach Note the 
double shadow cast bi the esophagus This is due to the fact that both phases of 
respiration hare been registered on the same film It probabb indicates the 
amount ot esophageal displacemem In the normal contracting right diaphragm 

lose weight Vt no time was there an\ cridence of obstruction at the cardiac end 
ol the esopbagu- This dog was killed b\ other dogs on March 8 which was the 
'•e\ent\-sc\cn h dar alter operation \ecrops\ showed that the trachea was 
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Fig 8 — Dog 300 A, a control film taken on Dec 27, 1929, a right-sided 
phremcectomv was performed on Jan 8, 1930, B this film, taken on the twelfth 
postoperative da)', shows elevation of the right side of the diaphragm but no dis- 
placement of the abdominal portion of the esophagus or the stomach 



Fig 9 — Dog 5441 A, normal esophagus, B, this film sious g^^pijagus i' 
of the right side of the diaphragm The lower thoracic part o g^ijeiice of 

displaced to the left Barium has entered the stomach There is^n^ g^ideiici. 
increased angulation of the abdominal portion of the esop lagus 
of obstruction at the lower end of the esophagus 
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crushed The left pleural caMtj was clean There were a few pleural adhesions 
between the lower lobe of the left lung and the muscularly atrophic ele\ated 
diaphragm 

Dog B 10 — Control films, taken on March 28, 1930, showed \\hat appeared to 
be a normal esophagus A left-sided phrenicectom)' was performed on April 1 
A him taken on the eighth postoperatue daj showed slight elevation of the left 



Tig 10 Dog 348 A, control film, made on Jan 8, 1930, B, a left-sided 
phremcectomi was performed and the diaphragm plicated This film was taken 
hie dais postoperatn eh The stomach did not show the upward displacement 
noted following simple eleiation of the left side of the diaphragm There is no 
increased angulation of the abdominal portion of the esophagus C this film, 

s cn twelve davs postoperatn eh shows no evidence of obstruction at the lower 
end 01 the esophagus 
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side of the diaphragm with slight displacement of the stomach Tins was not 
sufficient to cause increased angulation of the abdominal portion of tlie esophagus 
Another film taken on the same date during both phases of respiration showed a 
double shadow of the esophagus, which probably indicates the amount of 
esophageal displacement by the normally contracting right side of the diaphragm 
(fig 7) It should be noted that two films taken on the same date show a wider 
esophageal shadow in one than m the other We believe that this was due to o\er- 
filling of the esophagus with baiium 


Right Phi cnicectoinv Dog 300 — Control films were taken on Dec 27, 1929, 
and a right-sided phrenicectomy was performed in the manner already described 
Films taken at intervals following operation showed elevation of the right side of 
the diaphragm, but we did not observe any change in the size, shape or position 
of either the thoracic or the abdominal part of the esophagus (fig 8) 


Dog 5441 — Control films were taken on April 1, 1930, and showed a normal 
esophagus A right-sided phreincectomj'^ was performed on the same day ^ 
roentgenogram taken on tiie eiglith postoperati\ e day showed definite elevation 
of the right side of the diaphragm The lower thoracic part of the esophagus was 
displaced to the left, probably being pulled over by the normal contracting left 
leaf of the diaphragm Some of the barium had entered the stomach There was 
no evidence of obstruction at the lower end of the esophagus and no increased 
angulation of the abdominal portion of the esophagus, as had been noted in the 
case of a diaphragm the left side of which is high (fig 9) 

Lcfi-Sidcd Phi cn ccctoiny zvith Plication of the Left Side of the Diaflitagin 
Dog 348 — A control film siiow'ed a normal esophagus On Feb 26, 1930, a left- 
sided phrenicectomj' wms performed, and the left leaf of the diaphragm was 
plicated bv tw'o purse-string sutures and one row of transverse sutures Fi ms 
taken on the fifth postoperative dav sliow'ed an elevation of the left side o tie 
diaphragm The stomach failed to follow the rising diaphragm This ma> 
been due to actual increase in thickness of the diaphragm because of the p ica 
or to unequal elevation ot the diaphragm The lower part of the esophagus 
seen to be filled wuth barium, but no angulation of the abdominal portion o 
esophagus w'as noted Repeated films yielded similar observations (fig 


Coinvieiif — Experiments on font teen dogs gave fuithei 
of the close lelationship between the esophagus and the diapuag^^^ 
They failed to show that paialysis of one pait of the 
ously iinpaiis the noiinal function of the esophagus ^ ^ 
obseive any displacement of the thoiacic or abdominal roent- 

esophagus following phrenicectomy which was sufficient to o 
genologic evidence of obstruction In dogs we have obser\ec 
lowei part of the thoiacic poition of the esophagus ® ^This is 

the side of the normally contracting leaf of the diaph^m^^^^ (jeflec- 
in accordance with the obseivation made by Tiuesdale the 

tion occurs during inspiration, but the esophagus retuins 

midline during expiration , ^ deter- 

We did not make a fluoioscopic examination o oui 
mine the eftect of phiemcectom)'^ on the milking actio 


24 Truesdale P E Congenital Hernia 
Surg 90 654 (Oct) 1929 


and Rupture of the Diaplvagm 
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phiagm Oui films ne\cithelcss showed that the abdominal pmt of 
the esophagus is filled w’llh baiuim dining expiiation and fails to fill 
duimg mspiiation A Ihm haiium mixtine maj oiilhnc this pait of 
the esophagus duimg eithei phase of lespn.ition 

\Miene\ei left-sided phicniceetomy was followed b) a maiked use 
of the left side of the diaphiagm we noted mci eased angulation of the 
abdominal poition ot the esophagus This inci eased angulation how- 
e\ei was ne\ei sufficient to piodtice c\idence of obstiuction oi delay 
to the flow' of haiium fiom the esophagus to the stomach Inci eased 
angulation was not noted m an\ case of iight-sided phi enicectom} 

Two dogs seemed to show dilatation of the esophagus following 
phienicectoim One of these dogs is still alive, and plates of the 
thoiacic poition of its esophagus show an e\en dilatation thioughout 
Its entire length without au) evidence of obstiuction at the lowei pait 
We hace noted that ovei filling with a ceiy thick mixtuie wall lesult 
in such an appaient dilatation We feel confident that this is not the 
onl\ factoi pioducmg dilatation of the esophagus m this animal It 
is mteiestmg to note that the dog has become extiemeh emaciated He 
w'as opeiated on on Nov 2, 1929, six months befoie the piesent wilt- 
ing We theiefoie leseive judgment as to the possible late conse- 
quences of phi enicectom} m these dogs 

The follow'ing aie the answ'eis to the questions that piompted oui 
expel imental investigation 

1 There is no evidence at present that phrcnicectomy results m obstruction at 
the lower end of a dog s esophagus 

2 Marked elciation of the left side of the diaphragm may result in increased 
angulation of the abdominal portion of the esophagus 

3 After unilateral phremcectomy there is deflection of the low'er thoracic part 
of the esophagus by the normally contracting leaf of the diaphragm 

4 Evidence of slight dilatation of the esophagus has been noted several months 
after left-sided phremcectomy 

5 There is no evidence that phremcectomy can produce cardiospasm in dogs 

THE SO-CALLED GASTROCARDIAC COMPLEX 

We noted cardiac symptoms on two occasions following phreni- 
cectomy These symptoms weie palpitation and dyspnea For this 
reason we had electrocardiograms made both before and after phreni- 
cectomy Before leporting our experiences we shall piesent some gen- 
eral considerations 

Mittenleitei among others, diew attention to the action of the 
diaphiagm on the circulation This action may be indirect through 

25 Mittenleiter M Die Bedeutung des Zwerchfells fur den Blutkreislauf 
fJeutsche Ztschr f Chir 188 379 1924 
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changes in lespiiation, the lesult of altered intrathoracic oi abdominal 
piesstne, or dnect thioiigh action on the heart and blood vessels 
The greatei poition of the inferior vena cava is inti a-abdommal 
Mittenleitei noted that Avhere it pieices the tendinous portion of the 
diaphiagin there aie piactically no muscle fibers in the inferior vena 
cava As it passes through the diaphragm it becomes rich m elastic 
tissue and smooth muscle Anatomically undei normal conditions the 
inf ei 101 vena cava should not be compressed, as it pieices the tendinous 
poition of the diaphiagm 

It IS conceivable that a diaphiagm with an elevated light side might 
compress the infeiioi vena cava if adhesions are present The heart 
can actually be greatly displaced, rotated or pressed on by an “intra- 
thoracic” hvei 01 stomach, as these organs may become intrathoracic 
stiuctuies following phreiiicectomy 

It IS appreciated that phiemcectoni}^ may actually do good and may 
improve the circulation when theie aie adhesions between the peri- 
cardium and the diaphragm (Biaiier and Fischer 

It has been observed that the intra-abdomural pressure is greater 
with abdominal lespiiation than with thoracic respiration Mitten- 
leiter expressed the belief that the use in the diaphragm and the 
action of the diaphragm alone affect the intia-abdominal pressure but 
little He IS of the opinion, howevei, that unilateral phrenicectomy 
dinrmishes the sucking action exeited on the veins 

As we are to refer to the teim “gastro-cardiac complex (gastro 
kardiale Komplex), it is peihaps best to state what this term implies 
When Roenrheld described this symptom-complex, he spoke of it as 
a neurosis Patients so affected apparently have a neuropathic consti 
tution and a Ireait that readily responds to stimuli To this nervou^ 
basis IS added a dyspeptic diathesis because of an accumulation o 
111 the stomach The symptom-complex thus calls for the o o^^ & 
underlying conditions a heart that readily responds to stimu i 
mobile (coi mobile) and a chronic air bubble in the stomach 


PHRENICECTOMY AS A CAUSE OF THE GASTROCARDIA 

£ +1 a cn-nlled “gastro- 

In discussing phrenicectomy as a cause or tne s - 
kardiale Komplex,” Hecht pointed out that the the 

ma)'- result need not per se cause dyspnea He leporte , lO"' 
occurrence of palpitation and exti asystoles in two mstanc 


~ . „ P,<>rucks!clltlr?''”2 

26 Brauer, L , and Fischer, H Die Herrchirurgie u ^ ^ ^^,7 

physiologischen Fragestellungen, Hand d norm u path U sio form 

27 Roemheld, L Der gastrokardiale Symptomkomplev eine^i 
sogennanter Herzneurose, Ztschr f phys u diatet Therap 
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extias) stoles could liaAC been due to the djspnea of cxcition Hecht ’ 
stated fuithei that as long as the musculature of the heait is unim- 
paiied and the cii dilation intact, phienicectomy with icsuhant displace- 
ment of the heait should not pioduce any symptoms Roemhcld 
would have us believe that a heait ahcady displaced oi lolated can he 
appieciabl) affected by a diaphiagm elc\ated by an accumulation of 
gas m the stomach oi by loops of distended colon beneath it 

Welles’" noted that in a small numhei of his patients theie 
developed a peisistent tachycaidia and a rise in pulse late fiom 10 to 
20 heats pei minute following ]>hi eniccctom} 

Beinuth-® lepoited the occuiience of a gastiocaidiac complex fol- 
lowing left-sided phienicectomy for hionchiectasis in a giil, aged 12 
The operation was perfoimed in June, 1927 The diaphiagm rose 
2 cm In NoAemhci the child complained of palpitation and was 
cyanotic The pulse late was 180 per minute Theie were extra- 
systoles The electrocai diagram was indefinite The patient’s symp- 
toms were lelieved when she was placed on frequent small meals 
Berg-” pointed out that the gastrocai diac complex can be asso- 
ciated with organic disease such as gastric ulcei and cholelithiasis 

THE ELECTROCARDIOGRAM \rTER PHRENICECTOMY 

We sought to determine from the electrocardiogram whethei a rise 
111 the diaphiagm following phrenicectomy produces a recognizable 
change m it Ten patients had electrocardiograms made before and 
after phrenicectomy Nine had electrocardiograms made only after 
phienicectomy In no instance was the presence of organic heart dis- 
ease demonstrated before phrenicectomy We are therefore unable to 
say what effect phrenicectomy would have on an already diseased heart 
As already noted, only two patients complained of palpitation and 
dyspnea In one instance in which paroxysmal tachycaidia was clinic- 
ally suggested after phienicectomy the electrocardiogram was normal 
Dr Julius Jensen of the department of cardiology carefully studied 
the lecords of those patients who had the electrocardiogram made before 
and after phrenicectomy His repoit reads 

The records showed no marked changes Four records showed no changes 
whateier and two recoids showed changes which were not conclusive In one of 
these there was inversion of the T waves in lead III Four showed definite changes 
ni the heights of the complexes but not in their shape 


28 Bernuth, F V Gastrokardialen Symptomkomplex nach Phrenicusexerese 
bei einem zwolfjahrigen Kinde, Beitr z Khn d Tuberk 71 256, 1922 

29 Berg, H H Zur Kliiiik der Gastrokardialen Beschwerde Ztschr f khn 
Med 108 186, 1928 
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The following cases illustiate some of the changes noted 

Case 2 — A girl, aged 18, had abscess of the lung The mediastinum was not 
fixed Right-sided phrenicectoim resulted in a slight rise in the diaphragm 
Dr Jensen reported the following changes “A left axis deviation wnth upright T 
waves in lead III changed to a normal electrocardiogram with imerted T ivares 
in lead III Tins effected a lowering of T w'aves in lead 11” 

Case 3 — A. woman, aged 20, had’ bilateral bronchiectasis and a fixed mediasti- 
num The diaphragm became shghtlj ele\ated following a right-sided phreiiicec- 
tomj A.n electrocardiogram show'cd that the complexes in lead III were 
heightened and that the T wmves of the same lead wmre low ered after phenicectomi 



Fig 11 — Electrocardiograms taken before (a) and after (&) 


in case 3 


Case 4 — A man, aged 38, had had chronic abscess of the ung gj-aliam b' 
SIS on the left side This patient had been treated previous v ^ g,^ 3 joniic defect 
cauter} pneumectomy, foUowung which he wms well except or 5 t(.p m 

and bronchial fistula Phrenicectomy W'as performed as a ^ l,,gh 

closing the bronchial fistula Left-sided phrenicectomy resu cardio- 

diaphragm and displacement of the heart w'lth apparent upward 

phrenic angle became more acute as a result of displacement o liiglie'< 

The electrocardiogram show’ed that the QRS complexes m ea 
and those in lead III deeper, following phrenicectomy ( g ^ succcssfid 

This patient w'as later subjected to a complete thoracop a^} deielop 

plastic operation following phrenicectomy Cardiac sjmp 
after these operations the Icit 

1 onrt raiitation on nw. ‘ 

CvsE S — A man, aged 25, had pulmonary tuberculosis pliremco-- 

side This patient recened pneumothorax treatment be ore 










ballon ET AL-UNIL41 LRAL PHRENICEC I OMY 


1313 


toiw We behe\e that elevation of the diaphragm following phrenicectomy was 
somewhat inhibited b^ the presence of a large piienmothorav pocket The 
mediastinum was not fixed, and there was displacement of the heart into the right 
side of the thorax This displacement probably occurred as a result of the 
phrenicectomj', since the amount of air introduced at refills was the same before 
and after operation The electrocardiogram showed that the low or almost 
inverted QRS complexes m lead III became dcfinitelv upright 

Electiocaidiogiams of nine patients of whose iVait action only 
tracings weie made aftei the opeiation weie considered itoimal 

The slight changes in the complexes weie inteipieted as being due 
to changes in the caidiac axis caused by the alteied position of the 
heal t 

SUMMARY 

Phienicectomy ma} be followed by gasti o-mtestmal symptoms 
Twent} -seven patients weie examined befoie and aftei phieni- 
cectoni} These patients weie given a baiuim meal and undeiwent 
fluoroscopic examination, m man}' instances loentgenogiams weie 
taken before and aftei phrenicectomy The phienicectomies iveie per- 
formed foi pulmonaiy disease Five patients fomplained of the fol- 
lowing symptoms aftei phiemcectomv one of eiuctations of gas, 
anothei of lieait bum, a thud of I'omiting and two of dysphagia In 
all but one instance these complaints weie tempoiaiy With but one 
exception, they followed left-sided phiemcectom) A case of caidio- 
spasm which apparently followed phienicectomy is lecorded 

No marked mechanical displacement oi shift of the upper thud of 
the intiathoracic portion of the esophagus was noted after phreni- 
cectomy Slight respiratory deflection of the loweimost mtrathoracic 
portion of the esophagus was noted The noimally contracting leaf of 
the diaphragm appears to displace the lower part of the esophagus to 
its side during inspiration, but permits the esophagus to leturn to its 
former position during expiration 

The curve that the esophagus normally makes after it leaves the 
pillars of the diaphragm to enter the stomach can become sharper fol- 
lowing left-sided phrenicectomy In no case observed was this of 
serious moment It is suggested (Moore) that the upward displace- 
ment of the stomach might be due to rotation of the greater curva- 
ture Cases that hav'e resulted m only slight elevation of the left leaf 
of the diaphragm have failed to show any marked change in the posi- 
tion of the abdominal portion of the esophagus Patients with a large 
left pneumothorax before and after phrenicectomy showed only model - 
ate elevation of the diaphragm after phrenicectomy and little or no 
inci eased angulation of the abdominal portion of the esophagus We 
failed to obseive peimanent change m this pait of the esophagus fol- 
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lowing phi enicectomy We did obsene respiiatoiy deflection of the 

stomach aftei iight-sided phienicecloni}' 

The noimal milking action could still be obseived following pin eni- 
cectomy We have no absolute proof that phi enicectomy per se maj 
cause obstiuction at the lowei end of the esophagus 

Expel imental studies on dogs yielded data siinilai to the chmcal 
obsei vations, but gave no ewdence of esophageal obstiuction following 
phrenicectomy 

The electiocaidiagiam showed no niaiked changes following iihreni- 
cectoniy Foui patients showed changes in the height of the complexes 
but not in then shape Two followed left-sided, and two followed 
1 ight-sided phi enicectoni} 


CONCLUSIONS 


1 Gastro-mtestiiial S 3 'mptoms of a tiansieiit character aie not 
infiequent following unilateial phi enicectoni} They are of no serious 
consequence 

2 Deflections of the lowei thoiacic part of the esophagus occur 
following unilateial jihi enicectoiny and lesiilt from iiispiiatoiy con- 
ti action of the inneivated leaf 


3 Peiniaiieint laige stomach bubbles and iiici eased angulation of 
the abdominal poition of the esophagus may occui following marked 
elevation of the paialyzed left leaf of the diaphiagni 

4 The noima! milking action of the chaphiagm on the esophagus 
IS not impaiied hy unilateral phi enicectomy 

5 Theie is no expeiiinental evidence that phi enicectomy lesults m 
obstiuction of the lowei pait of the esophagus oi pi oof that phrem 
cectomy may produce 'Tai chospasra ” 

6 The electrocaidiogi ams following phi enicectomy show no marked 
change 


ABSTRACT OF DISCUSSION 
Dr F T Lord, Boston As I remember the cases of eventraUon 
diaphragm reported m tlie literature, there are symptoms of circulatory or “ 
intestinal disturbance in about one half of tliem Tins anomaly, w leii 
may be assumed to have been of long duration, and it is a as 

these observations on rather recent cases of plirenicectom> can ^ g^ation 
an assurance that s>mptoms will not later develop How long a ter 
were these cases observed^ j as 

Dr Harrv C Ballon, St Louis Some of these patients the 

long as three and one-half years after phrenicectomy We ,5 ,\ell 

present time what the late consequences of phrenicectomy 
known that patients suffering from eventration of the in 

3'ears before any sign or symptoms develop It is therefore poss y„jnentioiicd 
patients on whom phrenicectomy has been performed, other n 
late consequences may deielop after ten or twenty daj^s 



IDIOP'VTHIC DILATATION OF THE ESOPHAGUS 
rR'\NCIS A. C SCRIMGER, AID 

MONTUEAT , CANADA 

The disease vauoiisly known as idiopathic dilatation of the esopha- 
gus caidiospasm oi achalasia caidia has not laiel} been diagnosed 
since the advent ot the x-iays and the opaque meal, by those inteiested 
it IS geneiallv held to be second onh to cancel in fiequency of diseases 
of the esophagus 

The main inteiest in the study ot a disease depends on new evidence 
of Its causation if that has been in doubt, oi new methods of tieatment, 
if those used in the past ha^e been unsatisfactoi} 

Of the many names offeied, the one chosen, “idiopathic dilatation of 
the esophagus ” suggests a confession of ignoiance as to the cause, and 
a bnef leview of the methods of tieatment shows wide divergence in 
principle 

Recent woik by a gioup in Japan seems to oftei a inoie definite and 
satisfactoiy explanation of the pathologic piocess I hope to indicate a 
method of suigical tieatment which, if not entiiel) new, has been only 
half-heartedly stated and not correlated to the pathologic piocess, yet 
which I believe is based on a true undei standing of the mechanics of 
the disease, and which, easy and safe of accomplishment, has been suc- 
cessful in one instance 

It IS probable that theie has been included within this group moie 
than one series of pathologic changes These must be distinguished and 
separately classified By this, I mean that tine caidiospasm may be an 
entit) , but a diffei ent disease than idiopathic dilatation 

I have recently had the opportunity to see in a new-boin infant a con- 
dition that may well be looked on as caidiospasm coinpaiable to infantile 
pyloric stenosis Because the infant was vomiting, loentgen examination 
was made The fluoroscopic examination showed the esophagus to be a 
little wider than was expected The fluid food hesitated at the level of 
the diaphragm foi some moments, theie was then a senes of stiong 
peiistaltic movements m the esophagus, the cardia opened and the food 
entered the cardiac end of the stomach It was immediately and forcibly 
legurgitated This was obviously something different from idiopathic 
dilatation 

Idiopathic dilatation signifies a diffuse enlargement of the lumen of 
the esophagus in which no mechanical olisti uction exists The dilatation 
IS inostlj m the lowei two-thirds that is to sa\ m the thoiacic portion 
of the organ The abdominal portion, the poition from to 2 inches 
(3 7 to 5 cm ) below the diaphragm, is not dilated 
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The esophagus is not only dilated, but also elongated It may mea- 
suie up to 46 cm It must theiefoie become cuned, so that fiequentiy a 
laige fold lests on the uppei surface of the diaphiagm Often it may 
contain fiom 1,500 to 2,000 cc of fluid The wall becomes thickened 
the thickening being lepiesented mostly in inciease of the circular 
muscle fibeis The diametei may measuie fiom 6 to 7 cm to 16 cm 
and the ciicumfeience 30 cm 

The mucosa ma} be noimal, but more fiequentiy it is inflamed The 
tissue IS then f liable fiom inflammatoiy exudates 

The subdiaphi agmatic portion lequnes special mention It is nevei 
dilated It is often desciibed as noimal, and the phrase keeps repeating 
itself, "thickened and conti acted like a lead pencil” 

On the three patients on whom I have opeiated, the subdiaphi agmatic 
esophagus was a small, lound, lather firm stuictuie little largei than a 
pencil It was not thickened and showed no sign of hypei trophy of the 
muscle It measuied about 1 cm in diametei and was round, as coin- 
paied to the 1 inch (2 5 cm ) diameter and flattened appearance of the 
normal stuictuie 

Bull, in a publication in 1925, gave details of this poition of the 
esophagus as found at opeiation oi post moitem m 104 cases In 52 
it was reported normal, m 52 alteied Thirty of these 52 were 
described as small, contracted pencil-like oi less than 1 cm in diameter 
Only 3 weie desciibed as h3q5ei ti ophied 

It seems cleai, theiefoie. that the caidia is found to be either noimal 
01 small, but not thickened 

The only significant micioscopic observations are those of Kious an 
Ridder, who reported finding atrophy of the vagus nerve in one instance, 
and those of Rakes who found what he believed to be atroph) o 

Auei bach’s plexus in three instances 

Bull reported that in 82 of 141 patients symptoms following the 

ingestion of food appeared before the age of 40 

The most important observations in a macroscopic study o t^ 
pathologic changes in the disease aie that the dilatation occuis nr 
thoracic portion of the organ and ceases abiuptly at the 
the diaphragm Below this point, m the great majority of 
a round cordlike structure which shows no inciease m thickness o 


muscular wall 

The esophagus is also lengthened, and may be folded ovei ^ ^ 

of the diaphragm The mucosa may be veiy fnable oi ulceratec, « 
to be seiiously considered in any form of manipulation i^eaded 

Starting from this point, a group of Japanese Pare 

by Tami)a, have published a senes of expeiinrental stu les ' 
gone fai to explain the occurrence of the disease rrom 


« 
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on the leaction to chugs of isolated stnps of esophagus taken fiom the 
subdiaphiagmatic poition, the details of which it is not necessaiy to 
elaboiate, Tamiya concluded that the subphienic pait of the esophagus 
IS supplied by both vagus and sympathetic fibeis, and that the sym- 
pathetic fibeis aie mostly depiessois 

The second step consisted of fluoioscopic studies on the esophagus of 
dogs aftei one-sided section of the vagus, the sympathetic and the vago- 
S}mpathetic tiunk This lesulted in a maiked delay in the passage of 
the food at the lowei end of the esophagus A pendulum movement 
developed, but the food did not pass on This cannot be legarded as 
spasm, because theie was necei an)' lesistance to the passage of bougies 
The delay could also be oveicome by filling the esophagus with fluid A 
spastic closuie does not occui, but theie is failuie to open, an achalasia 
The closuie of the caidia is then due to the noimal autonomic tone 
The stoppage of food after the one-sided section was nevei perma- 
nent, and did not occui after a vaiiable time, fiom days to weeks It 
was not accompanied by dilatation The lesult of the cutting of both 
vagi was a total loss of peristaltic action, a widening of the lumen and a 
stoppage of food at the level of the diaphiagm 

The widening of the esophagus lesembles that found in idiopathic 
dilatation The cardia is closed fiom then till death, but not dunng a 
spasm There is no lesistance to the passage of bougies Resistance 
can be overcome by filling the esophagus with watei, which, when acting 
diiectly by its weight, opens the cardia 

An effort was then made to pioduce the same lesults by causing a 
degeneiation of the neives by painting with aisenic Immediately aftei 
the treatment by aisenic, the food passed noimally, but within twenty- 
four houis, concurrently with the appeaiance of sympathetic paialysis 
in the eve (myosis, ptosis and bulbar letraction), theie was mteifeience 
with the passage of food moie or less similar to that occurring aftei 
cutting, and depending on the degree of degeneiation of the vagi 

These experiments give strong suppoit to the theoiy of Kious’ that 
the disease is secondaiy to degeneiative changes m the vagi, and that the 
closuie IS due to the noimal tone acting without neive control The 
clinical picture is faiily constant For the diagnosis two things aie of 
gieat impoitance, the histoiy of the onset and piogiess of the disease 
and loentgen examination 

The history of the condition usually begins befoie the patient is 40 
yeais of age, and extends ovei )ears Theie is mainly difficulty in 
swallowing food Sometimes the onset is sudden, but pi ogress is inter- 
mittent As the disease pi ogi esses, leguigitation of large quantities of 
food becomes a feature This food is fioth) and mixed with saliva 
dhe legmgitation of laige quantities of food is in maiked contrast to 
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the d}sphagia of mechanical obsti action foi m the lattei the esophagus 
nevei contains the 1.500 to 2,000 cc common m idiopathic dilatation 

The patient nearl} always has learned ceitain tucks or contortions 
to aid the passage of food, and these have two common purposes to 
sti aighten out the elongated and ci umpled esophagus and to add weight 
to the column of fluid Thus these patients may stand up, laise the 
chin and stietch the neck like a chicken dunking and following the 
ingestion of food they ma} dunk glass aftei glass of watei Some have 
been lepoited to be able to judge when the food has passed and then 
1 eject the watei 

Theie is no moie than the noimal lesistance to the passage of a 
bougie or stomach tube, and most peisons have been fed bj this means 
at times oi constantly 

The long effoit. the leguigitation and the contortions aie most dis- 
tiessing to the patients and usualh to those who have to eat m their 
pi esence 

The loentgen appeal ance is also chaiacteiistic In no othei disease 
IS theie seen the wide shadow associated with this condition The 
shadow ends at the level of the diaphiagm as a smooth lathei bhinth 
pointed cone without the length of constiiction oi the in egulanties of 
outline found in caicinoma 

The histones of the thiee cases heie lepoited are illustratne of the 
disease 

RLPORT or CASES 

Case 1 — Mis D aged SO, was admitted to the hospital on Nov 
complaming of difficult}' in swallowing food She first noticed this i 
more than ten years before After eating, she had pain at the lower en o 
sternum Her discomfoit giadually increased, until during the past year sie^ 
great difficulty in getting enough food to keep her alive She had lost ^ 
pounds (22 7 Kg ) and weighed 87 pounds (39 5 Kg ) She took rom 
three hours to eat a meal, using laige quantities of water between 
She twisted her head backward and to one side, held her breath an or^ 
food down Often this resulted in i egiirgitation of most of the oo 
ate alone At times she w'as fed b} tube Dilatation by bougies an 
of the bag w'as tried, with onl} temporary relief She urge tia 

be done ^ Seniisohd 

Roentgen examination show'cd marked dilatation of the esop iao^ ^ column 
food remained in this organ, but fluid passed into the stomaci, eaiin shadow 
about 3 inches (7 6 cm ) high in the lower end of the esop lagus 
ended bluntly at the level of the diaphragm yjarw edcD 

Extramucosal esophagoplastv was performed on Nov 1 , -(^as k” 

incision being used The subdiaphragmatic portion of tie esop {hickeiied 
than half an inch (127 cm) in diameter The muscle w a w^^ the csophacn' 
but felt like a muscular cord Immediately above the lapiraj, ’ (hroiich 
was 1J4 inches (3 7 cm) in diameter The dilated portion was 
the diaphragm, and the muscle incised dowm to the su muco 
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cardiac end of the stomach The wound was closed without drainage From 
the time of operation to the present da\ she has taken food freel\ She gamed 
30 pounds (13 6 Kg) in weight eats her meals with the rest of the famih and 
IS living a normal life 

Roentgen examination somewhat o\cr a rear alter operation showed that the 
esophagus filled w'lth food 6 inches (15 2 cm) aboie the diaphragm before ain 
passed into the stomach, then the whole mass passed on rapidl} 

Case 2 — J P, aged 35, was admitted to the hospital on Feb 27, 1928 The 
condition began about nine months before admission, the onset being character- 
ized h\ sudden acute pain and regurgitation of food The regurgitated material 
contained undigested food water and salna The food was returned about five 
minutes after ingestion following a sensation of the food sticking at the lower 
end of the sternum The patients appetite was good, and she complained con- 
stanth of hunger The ssmptoms became persistent and sesere She lost 49 
pounds (22 2 Kg) and felt dizzj and weak from lack of food 

Atropine was tried without benefit Feeding b\ tube was instituted The 
tube passed easih Roentgen examination showed a six hour retention of food 
at the cardiac end of the esophagus, a column of barium 6 inches long and an 
emptj stomach 

On Februarr 28, a Heller extramural esophagoplastj was attempted on the 
strength of the success in the prerious case The subdiaphragmatic portion of 
the esophagus was found to be three-fourth inch (19 cm) in diameter The 
w'all w’as thin The muscular wall o\er the cardiac end of the stomach was 
incised dowm to the subinucosa, and the cut was extended up onto the esophagus 
The procedure seemed satisfactorj up to this point, when, w’lthout obrious reason, 
a small leak w'as obseried This quickli enlarged to a hole one-fourth inch 
(0 63 cm) in diameter as it the mucosa was either ulcerated or rer\ soft The 
opening was sutured and reenforced b\ peritoneum, a pad of omentum was sewn 
over this, and the w'ound was closed with a dram to the line of suture 
The patient died on the sixth da 3 from an obiious mediastinal infection 
Autopsi showed a longitudinal opening m the esophagus 6 cm aboie the 
sutured incision Alicroscopic section showed a thin necrotic margin There was 
no change in Auerbachs plexus similar to that described bj Rakes ifi Guvs 
Hospital Repot ts of 1920 

There have been advocated a vanet} of methods of treatment It is 
not m} intention to discuss these in detail It is natuial that the simpler 
methods should be tried first and that operation should not he urged in 
the less severe cases, but accoiding to nrr undei standing of the disease, 
these wall be found ineftective and not without dangei in the nioie 
severe trpes of the condition 

The methods of treatment have followed m general trvo mam plans 
The first methods include dilatation of the narrowed portion of the 
esophagus either from the inside br bougies or b\ dilatable bags or 
dilatation br the finger introduced through an opening through the 
stomach 

If the pathologic process as described b\ Tanina is correct neither 
ot these methods can be consideied either sound m principle or without 
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the dangei of teaung the nanow, lelatively thin-walled, f liable sub- 
diaphiagmatic poition of the esophagus 

The second main line of tieatment followed was the formation of 
an opening by suture between the dilated portion of the esophagus and 
the stomach The objection to this is its dangei, foi though it has been 
successfully done a numbei of times, sutuie of the esophagus is notably 
unsatisfactoiy Especially is this true m the inflamed state, when the 
tissues aie sometimes so fiiable as to make sutuie most piecarioiis 
The thud method is that adopted successfully in the first of the three 
patients whose cases aie lepoited here Encomaged by the success in 
the fiist case, I attempted the same method m the second case, only to 
find tissue so f liable oi ulceiated that the mucosa was either absent oi 
tom into the lumen, the sutuies sloughed out, lesulting in a fatal infec- 
tion of the mediastinum 

In the thud case the vaiious suigical piocedures were leviewed 
The fiist consideiation was that m the most commonly adopted sui- 
gical methods one step was common to all At one stage of the opera- 
tion, the opening thiough the diaphragm was enlaiged and the dilated 
poition of the esophagus brought down through the opening and held 
theie by sutuies 


The second consideiation was suggested by the fluoroscopic examina- 
tion of the fiist patient after the extiamuial esophagoplasty Here 
the fiist view suggested that nothing had been accomplished, but when 
the column of fluid in the esophagus had reached a height of about 


6 inches the resistance of the nanow subdiaphiaginatic portion was 
overcome, just as it was overcome in Tamiya’s exjiei iments, and the 
food passed freely into the stomach This was in marked contrast 
to the ajDj^eaiance before the operation, when the whole esophagus could 
be filled and remain full foi long periods or until legurgitated iMiat 
was the diffeience'? It seemed leasonable to suppose that when tie 
dilated portion ended at the diaphragm, over -filling of the esophagus 
merely resulted rn a still more marked kink just above the diaphra^nk 
while after the ojoenrng of the cliajflrragm was enlarged and a part o t 
dilated portion brought through, the weight of the column of fluid coi^^^ 
then act to a mechanical advantage and over come the norma 
resistance of the narrowed poition of the esophagus leading mto 


1 tfo- 

In retrospect, it seemed unlikely that the 
plasty in the absence of any thickening or hypertrophy of tie m 
could be considered comparable to the Fredet-Ramsted 
successful in infantile pyloric stenosis Moi cover, the 
found in the second case, with the consequent wounding ot t re 
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and the sloughing of the infected wall had demonstiated that extia- 
mucosal esophagoplasty was dangeious besides being unnecessary 

In the thud patient, it was therefoie delibeiately planned that the 
operation should consist meiel}'^ in the eailier steps i e, the exposuie 
of the caidiac end of the stomach thiough the Maiwedel incision, the 
cutting of the coionaiy ligament of the Iivei and the tinning downwaid 
and to the right of the left lobe of the Iivei By this means the caidiac 
end of the stomach and the subdiaphiagmatic poition of the esophagus 
are brought into mew Undei the eye an incision was then to be made 
foiward through the ciuia of the diaphiagm The dilated portion of 
the esophagus was bi ought thiough this opening foi an inch or moie 
The mam opposition is found in the vagi which may be cut with 
impunity moie especialh if Tamiya is conect in stating that they are 
already degenerated 

Case 3 — Mrs B , aged 58, was admitted to the hospital on Maj’^ 20, 
1929 She had preMonsIj' been admitted to the otolaryngologic department under 
Dr Birkett in 1926 At that tune she complained of difficulty in swallowing of 
one j ear’s duration The difficult} was more apparent with solid food than with 
fluid She then had the sensation of “filling up” inside If she tried to swallow 
after this she had to force the food down by violent eftorts, often regurgitating 
through the nose After a short rest, she forced another mouthful of food down 
In October, 1926, she was examined with the aid of the esophagoscope, and 
the cardiac end of the stomach was found markedly contracted and compressed 
about a large bougie, which could be easily passed Roentgen examination dem- 
onstrated obstruction of the characteristic kind at the end of the diaphragm 
The patient was admitted to the surgical wards three years later in May, 1929 
The subsequent history showed gradually increasing difficulty m swallowing 
with frequent regurgitation of food During the winter of 1928-1929, she had 
to be fed by tube during an acute illness Since that time she had learned to 
pass the tube herself, and all nourishment uas taken by this means She lost 
80 pounds (36 3 Kg ) during the three years 

On May 29, 1929, she was operated on, the same approach being used as in 
the other case, and the subdiaphragmatic portion of the esophagus was exposed 
The opening between the crura of the diaphragm was enlarged by cutting for- 
ward until It admitted two fingers easily The esophagus was then freed by 
blunt dissection and pulled down till ll4 inches of the dilated portion was brought 
through To allow of this, the vagi were cut The subdiaphragmatic portion 
of the esophagus was a small, round, cordhke structure about lj4 inches long 
and not more than inch (0 7 cm ) in diameter There was no hypertrophy of 
the circular muscle coat Immediately above the diaphragm, the esophagus was 
1/4 inches in diameter, but not notably h^ pertrophied The wound was closed 
uithout drainage 

The patient’s reco\er’i was smooth, and she has been able to swallow soft 
and liquid food in ordlnar^ time She sometimes has a sensation of fulness for 
from ten to fifteen minutes, uhich might suggest that food remained a tune in 
the lower end of the esophagus She has gained weight and strength 

B} the operatue proceduie used here the graie danger of tearing 
the esophagus is aioided as the dangerous suture is not necessary 
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Since the penstaltic movements of tlie esophagus aie no longer opeiative 
in any case, the onwaid passage of food must depend on the pressure 
excited by the column of fluid m the esophagus The recognition of this 
mechanical factoi seems to be essential to success in any operation 
This pioceduie lecognizes this factoi , fuither, it is simple to carry out 
and should be fiee fiom the accident that is constantly to be feaied in 
eveij^ othei mechanical tieatment — the teaiing of the friable, inflamed 
esophagus 

On theoietical giounds, theie should be no tendency to recurience, 
foi any cicatiix at the opening of the diaphiagm would tend to widen, 
not to contiact, the new opening 

The success attending the opeiation on the last patient is encoui ag- 
ing Food can now lie taken in good quantity and in ordmaiy time, the 
only piecaution is that the food must be well divided and mixed with a 
fan quantity of fluid 


ABSTRACT OF DISCUSSION 

Dr A T Ba/in, Montreal, Canada As Dr Senmger says, it is unfortunate 
that we cannot decide on the terminology To my mind, “idiopathic dilatation is 
an unsatisfactory term to describe this condition, unless there are a few cases that 
are associated with no causative lesion whatsoerer Many terms have been given 
to this disease, or subdivision of this disease if there are such, e g, achalasia, 
an inability to relax I do not see why we cannot be satisfied with “cardiospasm, 
provided ive understand the anatomy and appreciate that it is not spasm of an 
orifice that we are dealing with, but spasm of a sphincter, and that the cardiac 
sphincter of the esophagus is at the level of the diaphragm Moreover, it is 
easily pushed up above the level of the diaphragm 

I have had a limited experience with this malady In fact, it seems to 
difficult to educate the internists in the idea that cardiospasm is not pure j ^ 
neuiosis, they therefore hold these cases for an indefinite length of time 
have had three cases in the past two years, one of these, observed recent y, 
in a man, 23 years of age 

There is a very decided neurotic taint in all tliese cases One of mj 
occurred in a farmer’s wife wffio stated that she was overworked and was a 
to have her husband move off the farm The second patient was a ^ 
clerg 3 anan’s wife She ought to have been dissatisfied, but she di 
she was The third patient, already mentioned, a farmers son of 

trying to get arvay from the farm for several jears He showe e\i^^^ 
flushing on the slightest provocation and sweating of the pa ms o 
Trvo of the patients are rvell and one is dead , 

I have been impressed especially b}' the description of the advised bi 

in his monograph published a few months ago, and bv the , 

A J Walton, of London, that is, manual divulsion through tie ® secondan 

In the fatal case the patient died of an abscess of the luHo ^ common 
empyema She had a huge dilated esophagus It is ivell nown^^^ accumii- 
mode of death m these atonic cases, in which there is great i a a ^ ^ cannot 

lation of putrefied food, is inspiration from overflow 'j""’”® ^ 1 ^^ |j,ng prior 

prove it, but I am inclined to think that the infection ei e ope 
to operative intervention 
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I believe that it is a bad plan to perform an operation m these cases until by 
gastrostomy one has restored the emaciated, dehydrated and nonresistant patient 
to the semblance of health 

Dr FAC ScRiMGCR, ^Montreal, Canada I neglected the cardiospasm, 
because I still do not believe any spasm was present I should like simply to 
reemphasire what I believe to be the real danger In divulsion when j'^ou can 
have the material right on vour hand and can see what you are doing, jmu can 
perhaps realize the dangers better than if the hand is introduced into the incision 
and the operation is done out of sight In the fatal case that I had it appeared 
to me that the patient could not have stood anj kind of dilatation 



HYDATID CYSTS OF THE LUNG 

REVIEW or THE RECORDED NORTH AMERICAN CASES 


EDGAR W PHILLIPS, MD 

ROCHESTER, ^ ^ 

It IS ID) pill pose in this papei to call attention to the possibilit} of 
h}datid disease oiigmating in Ameiican born peisons and to collect the 
cases of the cysts of the lung due to infestation with Tflcaa? rc/naococni? 
that have been lepoited in Noith Ameiica In an address before the 
Clinical Congiess of the Ameiican College of Surgeons at Monti eal in 
1926, Bainett^ made the statement that hidatid disease is incieasing 
so lapidly in some of the South Ameiican countries as to constitute a 
national peiil In 1922, N H Fan ley said that theie had been no 
1 eduction dining the pieceding ten yeais in the nuinbei of cases 
admitted to the Meibom ne hospitals iMany leferences can be found 
in the Iiteiatuie fiom the countiies wheie infection with Taenia echino- 
coccus IS common showing an inci eased pievalence of the disease among 
the domesticated animals Most of the known facts about this dis- 
ease have come fiom the expeiience of such men as Deve, Dew Bud, 
Fan ley, Barnett, Finochietto, Moiquio, Escudeio, Vegas Cranwell 
McKay and man} otheis woiking m localities vheie the infestation is 
common In spite of the vast amount of woi k being done in these legions 
lepiesented by poitions of Fiance, Austialia, New Zealand, Iceland 
Itah , the Aigentine and othei South Ameiican countiies. Spam anc 
Geiman}, the disease has not been eiadicated This paiasite exists m 
Noith Ameiica, and fiom time to time cases of hydatid disease ha ^ 
been repoited in the natnes of the United States and Canada 0 tie 
241 cases collected by L}on,® 9 pei cent occuiied m peisons bom 
Ameiica In 68 cases that Magath gatheied fiom the 
between Lyon’s leport in 1901 and 1921, the incidence in natne ^ 
peisons was 5 9 pei cent In the giotip of 36 cases of ludatid ® ^ 

the lung lepoited in this papei 2 occuiied in peisons kno\Mi to 

From the Department of Surger}^ the Unirersitv ot Rochester 
Medicine and Dentistr}^ and the Rochester General Hospital 

1 Barnett, L E Recent Advances m Knowledge of Hvdatid Disease, 

Grnec Obst 45 148, 1927 tj j t a Disease and 

2 Fairle 3 ^ N H The Complement Fixation Test for H 3 dati 

Its Clinical Value, M J Australia 1 341, 1922 lenca, ^ 

3 Lyon, IP A Review of Echinococcus Disease in Fort 

M Sc 123 124, 1902 horaton 

4 Magath, T B Echinococcus Disease Etiolog' sn 
Diagnosis, M Clin North America 5 549, 1921 
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been born in the United States Scatteied reports of infestation among 
domesticated animals have appeared, but theie has been, as far as I can 
deteimine, no conceited action to tieat the situation with the thoiough- 
ness that its seiiousness demands The histoiy of echinococcus dis- 
ease in countries much more alive to its dangeis than the United States 
shows no leason to expect natural diminution Is theie not reason to 
fear that this countiy is on the threshold of a period in which there 
will be a serious increase of hydatid disease among the native born 
population^ There is surpiisingly little infoimation available as to 
the incidence of the infestation of animals m this countiy and Canada 
Taenia echinococci have larely been found in dogs in this countr}'^ In 
Washington, D C, Curtice® recovered the paiasite fiom a dog about 
forty years ago, and several years ago Kaup ® in Kansas reported that 
it was found in dogs Occasional leports of a search with negative 
results hav'^e been recoided From 1877 to 1882, Osier® failed to find 
Taenia echinococcus in several scores of dogs examined in Canada 
Swine are more commonly infested in North America than the other 
domesticated animals In 1882, Osier and Clement,' in a study of the 
paiasites in the pork supply of Montreal, were able to demonstiate 
infestation m 1 of eveiy 33 4 examined Lyon, in 1902, quoted Stiles, 
then zoologist of the Bureau of Animal Industry, W ashmgton, D C , 
to the effect that there was an undoubted increase in the incidence of 
infestation among domesticated animals Johnston and Willis ® repoited 
seveial epidemics occuirmg m hogs m Virginia during 1913 to 1914 
In one consignment of 46 hogs, from Charles Cit}' County which were 
slaughtered in Richmond, there was 100 per cent infestation In 
another shipment of swine from Goochland County, 5 of 8 had hydatid 
cysts In Novembei, 1917, they lepoited 25 pei cent of infestation in 
a shipment of 60 hogs from Charlotte County These authors quoted 
Hall as saying “recent abattoir figures show an alarming inci eased 
prevalence of the disease in domestic animals in some parts of this 
country, notably in certain localities m Viigmia, Arkansas and Okla- 
homa” Radcliffe,® m 1921, leported hydatid cysts m 100 per cent of 
a held of 87 hogs In a peisonal communication fiom Maurice C Hall,^° 

5 Cited b 3 Hall Personal communication to the author 

6 Osier, William Echinococcus Disease in America, Am J M Sc 84 475 

1882 

7 Osier, William, and Clement, A W An In\ estigation Into the Parasites 
in the Pork Supph of Alontreal, Canad AI & S T 11 334, 1882-1883 

8 Johnston, G B, and Wilhs, V Hjdatid Cjst of the Lner with Report 
of Two Cases, Surg Gwiec Ohst 25 101, 1917 

9 Radchffe, A A Infestation of a Herd of Swine hj Hrdatids M Rec 
99 146, 1921 

10 Hall, Maurice C Personal communication to the author 
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chief of the Zoological Division, Biueau of Animal Industr}^, Wash- 
ington, D C, It was stated that figiiies legaiding the incidence of 
hydatids in domesticated animals m this countiy are not available “In 
geneial, it may be said that hydatids aie not geneially distributed 
thioughout the United States and that they have a patchy distiibution, 
not well known They aie said to he pie\alent in paits of New Mex- 
ico, Oklahoma and Arkansas, we can alwa}s obtain them on lathei 
shoit notice fiom oiii inspection seivice at Richmond, Vnginia, the) 
aie found fiom time to time at vaiious ahattoiies In 192/, Morns 
lepoited that the} occiiiied in 5 jdci cent of swine at Baton Rouge, 
Louisiana, and that the foimei incidence was 20 pei cent Di Jalen, 
oui inspector at Cincinnati, Ohio, lepoited m 1927 that less than 1 per 
cent of swine at that station were aflected ” An attempt to asceitain 
the incidence of hydatid infestation in this portion of the countiv fol- 
lowed the discovery that one of the patients wliose case is lepoited in 
this paper was bom and has always Ined in this locality A personal 
communication from P Olafson,^^ pathologist, New Yoik State Veteii- 
nai} College at Cornell Univeisity stated that he has failed to find the 
paiasite dining the past thiee oi fom }eais m the loutine autopsy on 
appi oximately 1,000 of all species of the common domestic animals 
He furthei stated, howevei, that in pathologic specimens sent fiom the 
packing plants m Buftalo, the echinococcus cysts aie occasionally 
included 

Oslei, in 1882, made the first collection of h}datid cysts in man in 
Noith Ameiica He was able to find 61 cases fiom lecorded case 
lepoits, museum collections and peisonal communications This gioup 
included 5 pulmonai} hydatid cysts Sommei,^- m 1895, brought the 
list of lecoided cases of echinococcosis up to 110 Up to July 1, 1 > 

Lyon collected 241 cases of which 4 5 pei cent oi 11 cases, showed pu 
monary cysts In 1921, Magath added 68 cases fiom the liteiatuie an 
anothei 25 cases with hydatid disease that had been obsened 
Ma}o Clinic in the history of the institution Five of this gioup o 
patients had hydatid C}sts of the lungs Mills, in 1925, nia 
statement that 18 pulmonai y c}Sts weie added to the liteiatuie 
L}on’s lepoit m 1902, but he did not gne a list of the cases ^ 

In a seaich of the liteiatuie, I have been able to collect 34 caj^^^ 
pulmonai y hydatid cysts which, togethei with the 2 cases 
this papei, make the total of 36 known cases In this lei 

11 Olafson, P Personal communication to the author 

12 Sommer, H O Echinococcus Disease m the United State , 

M J 62 656, 1895 . rcc 

13 Mills, H W The Surgical Treatment of Echinococcosis, i 

122 407, 1925 
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included as cases of c>sts of the lung instances that Lyon’s papei classi- 
fied as secondaiy invasion of the pulmonai} tissue from the lupture of 
adjacent cysts, especially subdiaphragmatic I have accepted as primary 
hydatid cysts of the lung all those cases with a fairly definite picture 
of an intiapulmonaiy cyst, whether oi not theie was evidence ot mul- 
tiple infestion of othei localities in the body Incidences of secondaiy 
involvement of the lungs, usually expressed bv the expectoration of the 
hydatid elements following the penetration of the diaphiagm and 
adherent lung by a cyst of the liver, aie not included Morton and 
in a study of the liteiatiiie of bronchobiliaiy fistula, found that the 
most common cause of this unusual condition was the ruptuie of an 
echinococcus cyst oi an amebic abscess of the livei thiough the dia- 
phragm into an adherent lung and thence into the bronchial tree 
Neisser said that 1 1 per cent of hydatid cy^sts of the liver break 
thiough into the respiiatory' appaiatus The acceptance of seieial of 
the cases heiem reported may be questioned both as to the true natuie 
of the pathologic process, because of the absence of the microscopic 
demonstration of scohces or booklets, and because of the difficulty m 
determining the exact intrathoracic location, m seieial of which the 
cysts may have been pleural rather than pulmonaiy Piimaiy infesta- 
tion of the pleura is rare Neisser and Madelung” found 1 5 pei cent 
111 a collection of 1,179 cases of hy'datid disease 

INCIDEXCE or PULMONARY INVOLVEMENT IN HYDATID DISEASE 

Next to the liver, the lung is the most common organ to be invaded 
by Taema echtnococcit^ Various statistics give the peicentage of 
involvement of the lung up to 20 pei cent Greenway collected 2,740 
cases of hydatid cysts over a period of eleven years in which the 
incidence ot pulmonary involvement was 14 69 per cent In Algieis, 
Lavillat found cists of the lungs m 15 7 per cent of 210 cases He 
quoted Lemaire who gave the incidence of 2,169 cases as 1 5 4, Prat, 
13 5, and Finsen, 1 36 5 Vegas and CranwelH® lepoited an 8 5 
pel cent incidence of cysts of the lung, and Bainett found 10 per cent 

14 jMorton J J , and Phillips, E W Bronchobiliari Fistula, A.rch Surg 
16 697 (Alarch) 1928 

15 Quoted b^ Lord, F T , in Osier itodcrn iledicine Philadelphia, Lea & 
Pebiger, 1927, lol 4, p 285 

16 Green\\a% D J , cited in Foreign Letters (Buenos A.tres) J \ M A. 
79 2019 (Dec 9) 1922 

17 Laeillat Francis Hedatid Osts of the Lung with a Report of Fnc Cases, 
Interint Clin 2 47, 1922 

18 \ ega*^ yf H and Cranwell D T Hedatid C%sts in Xelson s Loose Lent 
Medicine Xew York Thomas XeLon &. Son= 1920 \ol 2 p 434 
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of all cysts in the lung Dew’s figuies are also 10 per cent foi involve- 
ment of the lung 

Multiple infection is common N H Fan ley said “echinococcosis 
moie often than not is a multiple infestation” K D Fairley,^® in his 
study of 33 hydatid cysts of the lung in the Melbourne Hospital, found 
multiple oigans involved in 394 pei cent Howevei, in a study of 112 
cysts of the lung occuiiing m childien, Moiquio^^ stated that the cysts 
m most cases weie piimai)'- and isolated In addition to the fiequent 
invohement of othei oigans, multiple cj'sts occui m the lungs There 
may be man} c}sts in both lungs, appaiently as the result of a secondary 
sowing fiom a piimaiy cyst breaking thiough into the blood stieain 
This IS stiikmgly illustrated in Gui lee’s-- case in which the primary 
ci^st occiiiied in the wall of the light auiicle In the group of North 
Ameiican cases of C}sts of the lung collected m this paper, there are 
only 6 that aie conclusively multiple in the lungs There aie 16 cases 
in which it IS impossible to deteimiiie definitely, from a study of the 
lecoids, the exact numbei of pulmonaiy cysts, although the probabil- 
ities faioi a single cyst m the majoiity of these cases In 14 
instances there seems to be sufficient evidence to judge that a single 
cjst was present 


EVOLUTION or A PULMON IRY HYDATID CYST 
The adult stage of the life cj^le of Taenia echinococcus is lived in 
the uppei intestinal tiact of the dog and doghke animals This parasite 
IS the smallest of the tapewoims, measuiing only fiom 4 to 6 nun It 
possesses 4 segments, the teiminal one of which pioduces laige num- 
beis of ova Barnett said that theie aie about 500 feitile ova in each 
iipe proglottis Innumerable ova aie jiassed out with the exciement 
In one way oi anothei these ova gam entiance to the body of the inter 
mediary host It is most commonly stated that the infestation occui s 
thiough contaminated dunking water or vegetables that aie eaten raw 
Accoidmg to Barnett, the transmission is usually direct from tie og 
to the hands and hence to the mouth, in man, and sheep and catt e p^ 
up the infection from contaminated herbage Deve and 
expressed the opinion that infestation occui s duiing infancy an 


19 Dew, quoted McKay, W J S M J Australia 1 7, 19-6 

20 Fairley, K D The Results of an Analysis of Thirty-Three ase 

Hydatid Disease of the Lung, M J Australia 1 341, 1922 ^ 

21 Morquio, L Echinococcosis of the Lung in Children, Arch 

ent 29 72, 1926 Long^. 

22 Gurlee, C G A Case of Echinococcus Disease of the Heart an 

Illinois M J 8 85, 1905 775 191S 

23 Deve, F L’Echmococcose de I’enfant, Arch de med ^ ^ 5977 

24 Strawell, R R Symposium on Hidatid Disease, Bnt i 
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hood This IS the peiiocl when the greatest contact exists between the 
dog and human beings 

Unhke Taenia sohina and Taema saginata, the laival stage of 
Taenia echinococcus occuis in the inteimediate host The name, 
hydatid cyst, has been given to this laival stage as it occuis in man and 
111 fiom 30 to 40 othei mammals, most commonly sheep, swine and 
cattle Following ingestion, the embiyo is fieed fiom its protective 
coveiing by the digestive juices and, passing through the intestinal wall, 
enters either the blood stream or the lymphatic system By way of the 
blood stream, it may reach the lung thiough the general ciiculation oi 
through the portal system The size of the embi}o is from 20 to 25 
microns (Biumpt), and it can travel se the capillaries by molding itself 
as do led blood cells (Lavillat) Neissei advanced the theory that 
the embryo entered the thoracic duct and reached the general circula- 
tion at the subclavian vein Morquio"^ suggested that the ova may 
leach the lung through the lespiiatoiy route It was formerly thought 
that the action of the gastric juice was necessary to liberate the ovum 
from Its capsule However, Deve-® showed that cysts ma) be pro- 
duced by the subcutaneous implantation of ova, and, according to his 
opinion, the action of the leukocytes is sufficient to liberate the ova 
from its capsule The low percentage of pulmonary cysts m Iceland, 
where Finsen^^ reports 1 cyst of the lung for 36 5 cysts elsewhere in 
the body, may be taken as favoring this theory as Iceland is said to 
have a great deal of moistuie with little dust K D Fairley stated 
that the embiyo reaches the lung by actne migration and that it 
is improbable that the embrj o is conveyed to the lung by the blood stream 
in any but occasional cases He based this conclusion from his study 
of a group of 33 cases, in 27 of which he found the h^datld cyst to 
occupy the lower portion of the right lung He also stated that the 
embiyo usually reaches the h\er thiough the blood stream, and then 
by active migration transports itself to the lung This theoi’s is not 
supported by the figures of Heuser Avho, in a stud} of 100 pulmonai} 
c}sts, found that the left lung was moie frequently mvohcd 

The hjdatid cyst de\elops from the embijo which has lodged in 
the pulmonary paienchjma The cjst consists of an outer lamellated 
veiY elastic cuticle and an inner pai enchymatous or germinal laier 
Pulmonai} evsts grow more rapidh than cysts elsewhere in the body 
because of the lack of resistance to expansion offered by the compress- 
ible lung tissue Escudei o stated that ti\ o } ears elapse from the 
tune of infestation until there is sufficient growth to produce clinical 
simptoins As the c\st grous an adientitous lajer of fibrous tissue 

2s Quoted b\ LaMlht (footnote 17) 

26 Heuser C H\datid C\st of the Luna A.m T Surg- 4 486, 1928 
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foims fiom the host simoiwclmg the iinacler AVhen the cyst has 
leached about the size of a Avalnut, hiood capsules aiise from the 
geiminal layei pioducmg gieat niimbeis of scohces Deiv-^ stated 
that a univesiculai cyst is the typical morphology of hydatid disease, 
and that daughtei cyst foimation is a defensn^e leaction of the mother 
cyst against tiauma, eithei mechanical, chemical oi mfectne The 
cists of the lung usuall} do not contain daughter cysts Dew reported 
onh two with daughtei cysts m twenty pulmonaiy Ipdatids In 
examining hundreds fiom sheep he found thiee cj-sts of the liver and 
lung with daughtei ci'St foimation “VVhenevei an intrathoracic cyst is 
1 Guild to contain daughtei cysts, an hepatic origin should be suspected 
and this should lead to an investigation of the diaphragmatic region” 
(Dew) 


The fate of the enlaiging pulmonaiy h3alatid cyst depends on its 
nouiishment, the effect its piessuie causes on the suiioiinding tissues 
and its location within the lung Accoiding to Dew, the cyst depends 


on osmosis for nutiition and consequently possesses a nariow margin 
of safety The total lack of any evidence of connection between the 
endocyst and the adientitous fibioiis layei of the host was strikingly 
illustiated at opeiation in my fiist case Following removal of the 
fluid contents of the cyst by aspiiation and the release of iiitiacystic 
piessuie, the endoc3St was found lying fiee in the cavity formed 


within the pulmonai}' tissue Biid‘® said that although obsolescence 
may occui, the inajoiity of C3'sts luptuie soonei oi latei Eiosioninto 
a blood vessel is a common occui lence and occasionally may excite a 
fatal hemoiihage Bud lepoited the cases of two patients who died 
in this mannei Ruptuie into a bionchtis is the most fiequent accident 
affecting the piogiess of the cy'st’s development Finochietto ® empha 
sized the impoitance of the localization within the lung m refeience to 
the effect of luptuie of the cy'^st into a bionchus He lecognize tvo 
groups as detei mined 113^ then position in the lung, the central an t ^ 
peiipheial The cential C3^sts develop neai the hilus and mav be si^ 
foi a long time Piessuie graduall)' causes thinning of the 
wall finally luptuie of the C3^st takes place into the bronchus 
contents of the C3'^st aie then expectorated, and if the opening m 
an passage is sufficiently laige, the geiminative membiane 
and lecoveii follow the leti action and cicatiization of the na s 
cavit3^ If the opening into the bronchus is too small to permit 1 


27 Dew H R Daughter Cyst Formation m Hi datid Disease 

and Effects, M T Australia 2 497, 1925 ^ 

28 Bird, F D Hydatids of the Lung, M J Australia 2 50a, 

29 Finochietto, E The Treatment of Hidatids of the Lungs, r 
119 10, 1927 



PHILLIPS— HYDATID CYSTS OF LUNG 


1331 


of the endocyst, infection occuis in the ruptuied C}st and the picture 
becomes that of a hronchopulmonar) suppuiation Bird said that infec- 
tion within pulmonaiy cysts always follows lupture in contradistinc- 
tion to cysts of the hvei, which aie frequently infected i\ithout ruptuie 
The peiipheral cysts involve the pleura soon causing pleural pain 
Following ruptuie into a bronchus, according to Finochietto, the cyst 
near the periphery of the lung never eiacuates its contents completely 
spontaneously, and cure by immica cannot take place Occasionally 
the cyst may lupture into the pleuia oi pericardium After infection 
has occuried in the C3^st, ruptuie into the pleural cavity lesults in pyo- 
thorax oi pyopneumothorax An uncomplicated cyst ma) rupture into 
the pleuia, producing a hjdrothorax, or if rupture into a bronchus is 
simultaneous, a hydi opneumothoi ax occurs Living scolices reaching 
the pleural cavity from the luptured cyst of the lung may cause grafts 
to take place on the pleuia This happens rarely in pulmonary c>sts 
The metamorphosis of scolices into a new geneiation of C3'sts used to 
be teimed a biologic heres3% hut it is a common occurrence (Barnett) 
Dew considered it an established fact that daughter cysts, brood cap- 
sules and scolices can implant themselves and form new h3^datid C3"sts 
(% 1 ) 

symptoms 

The symptoms of pulmonary h3’^datid disease vary according to the 
condition of the cyst They may be divided into two gioups i e , those 
produced by the uncomplicated cysts and those which follow ruptuie 
of the cyst During the early period of the growth of the parasite in 
the lung, few if any symptoms are produced Except for occasional 
anaphylactic phenomena, the echinococcus is well tolerated by the host 
until because of its size, presstiie is made on surrounding structures 
Loss of air space by compiession of lung tissue results in shortness of 
bieath This occurs only when the C3st has i cached a considerable size, 
as the noimal Mtal capacit3 is so greath in excess of the ordinal \ air 
lequirement Pressuie on liionchi excites the cough reflex, and cough, 
slight 01 se^ere, is the commonest s3mptom Erosion of the vails of 
blood ^essels finally lesults m ulceiation opening into the lumen of a 
^essel and hemorrhage into the bronchial tree follows Heniopt3Sis is 
an iinpoitant SMiiptom in pulmonary infestation Lawllat said that 
pulmonary cysts that have ne^el gnen rise to hemoptysis may be con- 
sidered as raie In a series of thirt\ -eight pulmonary c\sts Tauregin 
found hemopt\sis in 100 per cent Pam, probably arising from pleural 

30 Dew H R The Mechanism ot Daughter C\st Formation in H-vdatid 
Disease yt T \ustralia 1 451 1926 

31 Taure£iu\ M A Hemopt\si<; Due to H\datid Disease, An de Fac de 
med MonteMdeo 12 681 1927 



1332 


ARCHIVES or SURGERY 


nutation, may be mild oi veiy sevcie K D Fan ley, in a study of 
thnt}-thiee cjsts of the lung, found cough in 100 pei cent, hemoptysis 
in 57 6 pei cent, pain in 54 4 pei cent and dyspnea in 27 3 per cent of 
cases 

At the time of luptuie theie is a flooding of the bronchial tiee with 
salt watei, e\en to the extent of diowming When a communication 
has been established between the cyst and the lespiratoiy tiact, the 
cough becomes nioie pioductue, and pieces of the wall of the cyst may 
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Fig 1 — Schematic representation of the evolution of a pulmonary hjdaticl 


be expectoiated Infection usually follows luptuie, and the 
becomes that of a bionchopulmoiiaiyr suppuiation wuth cough, puff 
foul-smelling expectoiation, and the evidences of sepsis 


DIAGNOSIS 

It IS not suipusmg that many hydatid cysts aie discovered 
tion, the tiue natuie of the pathologic piocess being unsuspec 
some of the chai actei istic elements of the cyst are pogsibil- 

especialty tiue in countiies wheie the disease is laie an 
ities of such a diagnosis are not kept constantly in mm 
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bourne Hospital, according to Stiawell, the diagnosis has been i educed 
to a 2 pei cent erroi This has been made possible by constantly consid- 
eiing this disease in differential diagnosis and by the employment of 
pioved laboiatory aids In a study of 182 cases, howevei, N H Fan ley 
found that a positive diagnosis was made in only 40 7 per cent This 
series includes cysts located in vaiious organs, in many of which the 
x-iay picture is not capable of rendeimg such valuable information as 
it does in the chest 

There aie no pathognomonic S 3 'mptoms of an iimuptuied pulmo- 
nai) cyst, but a careful investigation of patients presenting the common 
sjnnptoms of cough, shortness of bieath, pain in the chest and hemop- 
tysis should permit a coriect diagnosis in the great majont}'- of cases 
Roentgenographic and fluoroscopic study of the chest is indispensable 
The characteristic lounded oi oval shadows, multiple oi single, with 
clearcut edges, are to he confused with few othei pathologic pictuies 

Since Ghedini, in 1907, fiist applied a complement-fixation test as 
a diagnostic aid in echinococcosis, many clinical investigatois have 
elaboiated and peifected a technic which at present is used extensively 
in those countries wheie the disease is prevalent Weinberg added 
much to make the test valuable, and it is frequently refeiied to as the 
Weinbeig leaction and sometimes as the Ghedini-Wembeig test Theie 
is not complete agieement as to the specificity of this test N H Fairley 
did not find a positive reaction in 917 cases free fiom hydatid infesta- 
tion and concluded that the complement-fixation test is absolutely 
specific Le Nouene quoted Tufifiei and Deve as lepoitmg positive 
leactions vdien echinococcus disease did not exist Cottin and Saloz 
lepoited a case of cancer of the livei in which a positive reaction was 
obtained to the echinococcus complement-fixation test It seems safe 
to conclude that, though it may not be absolutely specific, the percent- 
age of false positive reactions is so slight as to be negligible In table 1 
some of the lesults of the complement-fixation test aie listed 

The intiadeimal skin test, commonlv called the Casoni test aftei 
the oiigmatoi, also has given excellent results as a diagnostic aid It 
too apparentU lacks absolute specificit) K D Fairlev in a stud} 
of eight! -seven positive leactions, was able to pi ore the piesence of 
111 datid disease in onh 59 8 pei cent and he said that a positive i eac- 
tion IS not conclusne Ferdandez Ithurrat named that the test mai be 
positue in tuberculosis and in patients nith a highly sensitne skin In 

■>2 Lc Xouene julien \ Clinical Stud\ on H\chtid Pseudotuberculosis oi 
tlic Peritoneum Internat Clin 2 97 1921 

to Cottin and Saloz Reactions in Eclunoeoccus Disease Arch d mal dc 
1 app diucstii 13 1 1923 

34 Pairlcx K D Intradcrmal Test in H\ datid Disease M T Australia 

1 472 1029 -au^iraiia 
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peifoiming the test, he used fiom 0 2 to 0 6 cc of steiile centrifugated 
hydatid fluid (human, cattle oi sheep), injecting it into the skin 
Within a few minutes an eiythema appeals at the site of injection 
which spieads foi one-lialf houi or longei In from ten to fifteen 
minutes, an uiticaiial patch about 3 cm in diameter appears Sette®^ 
piepaied mateiial foi the intiadeimal test by evaporating 150 cc of 
hj^datid fluid and mixing the lesidue with 10 cc of 0 9 pei cent sodium 

Table 1 — Cotnl^Icmcnt-Fnatwn Test 


VuUior 

oinbcrg, in Kollc and V\ a<;‘!(>rmnnn Hand 
buch dor patholoRistl'i-n JIikroorgHnismen, 
ed 2, 1912, -lol 1 
Zapclloni, quoted bj Fairlcj = 

Pairlcj- 

Cignozzi Rifonna nicd JS JS’l 1922 
Ithurral I A M A 7‘) 201S (Dec 9) 1922 
Greenaayi“ 

Prado Arch do din nud 1 1, W2~> 

Loznno J A Jt A 80 1933 (Jlaj 26) 1923 
Mogena Arch espafi do enf del oparato 
digestive 7 313, 1921 

Horonitz Ulassoaa Deutsche iind Wehnsehr 
”52 113, 192G 

Dev, Kellovay and Milliains M J Australia 
1 471, 1923 

Cnntani Rifornia med 4T 1577, 1929 


Kuinbcr Percentage 
of ofPositno 


Cases 

Tests 

Comment 

300 

82 0 


500 

03 0 

Reaction absolutelj specific 

S3 

84 3 

03 0 

137 

SSO 

65 0 


48 

92 31 

M cinberg test never fuls him 

14 

73 0 


20 

00 0 

^egntl^e m 62 controls 


92 0 

A low percentage of error 


Tabi E 2 — Casoni Inli adci iiial SHii Test 


Author 


N^umber Percentage 
of ofPositne 
Oases Tests 


Comment 


Mogena Arch espafi de enf del oparato 
digestive 7 315, 1921 
Trenti Polichnico 31 353, 1921 
Dcuseh Deutsche med M chnschr 31 1303 
1925 

Fmochietto J A M A 82 1370 ( Vpril 26) 
1924 

Makkas and Assunakopoulas Zentrall)) f 
Chir 53 1793, 192S 
Fairley 

Oignozzi Eiforma med 38 1S5, 1922 
Itharrut JAMA 79 201S (Dec 9) 1922 
Dew Brit M J 1 073, 1927 


01 

13 


100 0 


99 0 

918 
53 S 
77 0 
92 6 
90 0 
9S 16 
90 0 


Superior to other biologic tests 
Much more dependable than 
complement fixation test 

Uncomplicated cysts 
Suppurative cysts 
Uncomplicated cyst® 

Ruptured or suppurative tj 


chloiide and 20 cc of glj^ceiol He used 01 cc of intra- 

in perfoiming the test Some of the results obtained ui 
dermal test aie given in table 2 

Magath found that three patients pi oved by operatic 
hydatid cysts reacted posively to a skin hypei sensitivit) hidatid 

thiee small abiasions in the skin on two of which le P jqj- a 

fluid fiom a patient or from a sheep leaving the thir ao 

^ 32 1175 

35 Sette, N Intradermal Test for Hydatid Disease, Policlmico 

1925 
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contiol Within twenty minutes a raised white wheal appeared sur- 
rounded hy a zone of redness There was no itching The lesions sub- 
sided in about three hours This test seems simple, rapid and readily 
interpreted and should pioie to he a help m the diagnosis of hydatid dis- 
ease 

A satisfactory result of any of the biologic tests used to aid in the 
diagnosis of echinococcosis depends entirely on the activity of the 
mateiial with which the test is pei formed A laboratory with an 
abundance of hydatid cysts passing through it can be sure of having 
satisfactory hydatid antigen In this country, where only an occasional 
hydatid cyst is seen, most localities are not equipped to perform these 
tests properly Horowitz-Wlassowa said that the hy^datid antigen 
spoils in from four to five months Settle claimed that by the method 
he uses m preparation, material for mtiadermic tests will keep actwe 
foi as long as a year 

The significance of a positue reaction persisting after the surgical 
cure of a hydatid cyst has not been definitely determined Weinberg 
stated that “the specific antibodies disappear slowly from the blood 
stream of patients operated upon for hydatid cysts ” He found a posi- 
tive reaction up to six years and three months after operation, but 
admitted that the interpretation should be reserved when the reaction 
is positne after several years Le Nouene quoted Laubry’' and Parou 
to the effect that the antibody’’ disappears from the blood m from three 
weeks to six months after the removal of the cy’St, and that a persistence 
of a positive reaction after six months means that a cyst has been 
OAerlooked or that there is a recurrence N H Fairley regarded a 
strongly positne reaction after twelve months as absolutely diagnostic of 
anothei cyst Kelloway expressed the opinion that with the Casoni 
test both immediate and delayed reactions would continue tor y^ears 
following the death or surgical cure of the parasite Deusch also said 
that the Casoni test remains positne for a long tune after the remo^al 
of the cyst The statement has been made by Dew, Kelloway and 
Williams that the complement-fixation test may be positive m cured 
patients sixteen years after operation 

bile an inciease m the number of eosinophil leukocytes in the 
euculating blood may occur m hydatid disease eosinophiha does not 
exist often enough to be of any considerable lalue m the dift'erential 
diagnosis K D Faiilee spoke of it as inconstant Cantani said that 
eosinophiha m hydatid disease is inconstant and lacks specificite 
Mogena found eosinophiha m 54 per cent of fourteen cases Eosino- 
jihilia in fioin 60 to 80 per cent was reported b\ Cignozzi 

36 \\ einbcre quoted b\ Le Xouene (lootnote 32) 

37 Kl11owi\ C H SMiipO'ium on H\datid Di'-ease Bnt M T 1 673 192“ 
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Following the luptuie of a pulmonary hjdaticl cyst, the so-called 
complicated cyst, additional diagnostic aids are available The story told 
by the patient should fiequently excite suspicion Following a chronic 
cough, i^iobably associated with hemoptj'^sis and possibly with pain in 
the chest, the patient, dm mg a coughing spell, finds the an passages 
flooded with a pi of use watery expectoi ation which has a salt)f taste 
Poitions of the wall of the C3’'st oi some of the contents of the cyst 
may be found in the sputum when theie has been rupture into a 
bionchus Piobably booklets fiom degeneiated scohces aie the com- 
monest hy daticl elements found m the sputum However, daughter 
cysts and pieces of the wall of the cyst ha^e been expectorated Frag- 
ments of the wall because of inheient elasticity’^, tend to cuil up and 
assume a shape which has led them to be called daughtei cy^sts Lavillat 
leported a joatient who coughed up “giape skins,” but at operation no 
daughtei cy'^sts weie found within the mothei cyst When communi- 
cation has been established with the air passages, an may enter the 
cy'st, gning the pictmc desciibed as a “pneumocyst” If the cyst has 
not completely’’ emptied its contents, a fluid level will be obseived on 
the x-iay’’ film Ruptuie into the pleura may give the appearance of 
pleurisy with eftusion, and if luptuie into a bionchus has been simul- 
taneous, an may enter the pleuial cavityq giving the pictuie of hydro- 
loneumothoi ax De\e^® collected and leported a senes of thirty-one 
cases with this complication As shown latei, the consensus condemns 
exploiatoiy’ punctuie as a diagnostic measure in hy’datid disease, but m 
cases seen for the fiist time following luptuie into the pleura, with the 
appearance of a hydiothoiax oi a hy’diopneumothoiax, exploration witi 
a needle seems a logical step On the lecovery’ of a fluid limpid, i^^ 
spiing watei” oi lesembhng ceiebiospinal fluid, the diagnosis o c 
hy’datid cy^st should be consideied Microscopic examination o ^ 
fluid may^ leveal scohces or booklets When infection has 
the case lesembles a bionchopulmonaiy’’ supptii ation and becomes i 
difficult of diagnosis, although a search of the sputum may rerea 
chaiacteiistic hy’datid elements 

As one reads the reports of cases of pulmonaiy cy^sts, it ^ 
exploiatoiy^ aspii ation foi diagnostic pin poses is resorted to <; 
cpiently The expressions fiom those having the 27 said that 

in hy’datid disease univeisally^ disapprove of this step eu 
the exploratory^ punctuie is rarely'' practiced now He explora- 

may^ be followed by^ a secondary'^ sowing of cysts, and tra^^ stated that 
toiy’ puncture of even a small cy’St is dangeious J\ c ay 

j 1 ^45 1925 

38 Deve, F Hydatid Gas Cyst of the Lung-, Rev de c ur - 

39 McKay, W J S Hydatid Cvsts of the Lung and Their u = 
went, M J Australia 1 7, 1926 
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the use of a needle and syringe must be foi bidden because of the 
danger of infecting the cyst Lavillat condemned the exploiatory 
punctuie He said that it may provoke a violent anaphylactic intoxi- 
cation %ith rapid death K D Fairley emphasized the dangei of 
exploratory aspiiation 

TREATMENT 

There is no medical tieatment for pulmonary hydatidosis Vaiious 
chemical substances have been tried, both clinically and in expeiimental 
animals, without demonstrating any value Lolli showed by his 
experiments in labbits that neoarsphenamine does not influence in the 
least the course of echinococcus disease He stated that no therapy, 
unless Its efhcacy has been proved in animal experimentation, should 
replace surgical intervention Morquio said that medical treatment is 
of no avail Deve asserted that vaccination theiapy, as advocated by 
Petroff, IS ineffectual Claims have been made that the effect of the 
roentgen rays is beneficial Deve and Billiaid^^ concluded fiom then 
experience in its clinical use and in experimentation with laboratoiy 
animal infestations that roentgentherapy has no cniative action In 
Balboni’s second case no change in symptoms, i oentgen appearance oi 
m the complement- fixation test followed loentgenotherapv 

Expectant tieatment, because of the possibility or likelihood of 
spontaneous cure appaiently is a debated question Moiquio said that 
expectant treatment is prefeiable, and that most cases of hydatid c^^st 
in the lungs of children are cured by vomica In his expeiience, in 
90 pel cent of the cases in which luptuie into a bionchus occuis spon- 
taneousl}’’ the patients recover Deve advised watchful waiting if the 
cysts are small and deep m the region of the hilus or if theie has been 
a vomica He also said that 90 per cent of cysts rupturing into a 
bionchus will terminate m lecoveiy Pere}^'* leported the cuie of 
SIX of seien pulmonaiy cysts through spontaneous eracuation Coi- 
vetto collected m Luna, Pent thirteen instances of pulmonaiy c}Sts 
m eight of which the patients coughed up the memlirane and were 
cuied, two were cured b> operation and tluee died On the other 

40 Lolli G Medical Trtatmem of Echinococcus C%st, Pohclinico (sez med) 
36 601, 1929 

41 Dc\t, r Vaccination Not Effectual in Echinococcosis, Coinpt rend Soc 
de biol 91 933, 1924 

42 Dere, E and Billiard, H\datid C\sts and Radiotherai)\ , Conipt rend 
*^00 de hiol 91 848 1924 

43 Balboni G M H\datid C^st of the Lung Boston 5 T 187 879 

1922 

44 Perc\ra E P \rcb latino-am dc pednt 17 1 1923 

4'' Cor\ttto \ P ira'-itic Disease ot Lungs m Peru An de Eac de nufi 
Montevuko a lOo 1922 
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ia.ld Dm - said that all patients with hidatid ctsts slmtiid be operated 
on as soon as a diagnosis is made Bird stated that operation is th! 
only tieatment Pi at "• warned not to leiy too much oi/the possibilin 

Oil a stuch of the lanous opinions expiessed legardincy the indi- 
Cci loiis foi opeiation it would seem that small centiaf c^sts^varran^ a 

rarLmiTlnf 

lequne suigical iiiten ention uithout too long a delai 

piocecluie'''HV"'TT'; 'r Miiailhe- to be a dangerous 

emnlo^'ed T1 ^ ^Olt^-thlee cases in which aspiration was 

res ilts Tl deaths and ten negatne 

nn<^. Tf incident to aspnation weie discussed under diag- 

uJrnJ puncture of a hydatid cjst is contra- 

hpp ' ^ ^^"^Posed at operation and the field has 

piotectcci so as to pre\ent leakage of Indatid fluid into 
the pleuial caviti 

The plan of suigical attack m pulnioiiai\ Iwdatid cysts must be 
a lec so as to meet the condition of the cyst when it conies to operation 
le uncomplicated C 3 'st is an entirely difteient pioblem fiom the cvst 
lat las luptuied into a bioiichus and is secondarily^ infected Complete 
ajjieenient does not exist as to the best method of surgical treat- 
ment in the case of uniuptuied C)st Syme said that the ideal treat- 
ment IS complete extnpatioii of the cyst and closuie of the chest without 
c rainage Fmochietto stated that uncomplicated cysts may be removed 
and the wound closed Avithont diamage He quoted Pasados as having 
leported seventeen cases in wdiicli operation ivas pei formed m this maii- 
nei 111 1898 He ncAei operates in two stages and empties the cyst 
yy liokhng the wall of the cy^st outside of the chest cavity' because of the 
daiigei of secondary' hy'datidosis ivheii one scolex oi seveial remain 
behind Local anesthesia is ad\ocatecl by Fmochietto Bird operates 
in one stage, and aftei the lenioval of the endocy'st depends on the 
condition of the adventitious pericy'St foi the indications for drainage 
If theie IS no adventitious lay'ci he closes the lung and chest without 
diainage When the caA'ity' is held open by' thickening of the peiicvstic 
layei, he employ's diamage foi foity'-eight hours In cases with a 
thick adAcntitia, he sntnies it to the plenia and drains until the caAit' 

IS obliteiated Nassetti closes the chest Avithont diamage after obhter- 


46 Prat, D Curative Vomica in Hydatid Cs'st of the Lungs, An de 
de med, Montevideo 10 161, 1925 

47 Miraillie, quoted by Crow, LB Am f Roentgenol 5 513, 191S 

48 Syme, George Sjunposium on Hydatid Disease Brit Af T 1 

49 Fmochietto, E, cited m, Foreign Letters (Aladrid), J A M A 82 IP 
(April 26) 1924 

50 Nassetti, F Treatment of Hvdatid Cist Without Drainage, Arcli 
di chir 12 125, 1925 
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ating the cavit)^ within the lung by drawing the walls togethei with 
sutuies K D Fan ley opeiates in one stage and sutuies the pleuial 
layeis if adhesions do not exist McKay does not believe that a two- 
stage opeiation is advisable He uses intiatiacheal anesthesia to lendei 
positive piessuie Aftei sutming the adventitia to the edge of the 
wound, he opens the cyst and it is emptied of the fluid contents and the 
endocist He always drains the cavit) foi a short time so as to pi event 
occuiience of a subcutaneous emphysema Antoniicci suggested the 
obliteiation of the lung cavity by appioximating the opposing walls with 
sutuie and closuie of the chest wound without diamage He then 
compi esses the lung by an aitificial pneumothoiax In 1925, Mills said 
that the consensus favoied the use of a tw'^o-stage opeiation, called the 
Lamas-Piat-Mondino technic This opeiation consists in a rib resection 
under local anesthesia with a tampon of iodized gauze placed against 
the parietal pleura as a fiist stage This stage is follow''ed in about 
ten davs by an opening into the cyst without the use of anesthesia 

The method of injecting foimaldehyde into the cyst at operation 
befoie incising it to remove the contents, as advocated b\ De\e, does 
not seem applicable to pulmonaiy cists because of the dangers of 
flooding the bronchial tiee wnth the solution 

Suigical measures m common use in pulmonary suppuiation aie 
found to deal satisfactorily with infected, luptured piilmonai} cysts 
Hanej reported a case m wdiich he obtained a cuie in an infected 
cyst thiough the use of an artificial pneumothoiax Pneumotomy with 
lemoval of the contents of the canty and drainage until the ca-vity has 
become obliterated is the method of tieatment commonly practiced In 
1898, J B Muiphy stressed that a suppurating cyst should be tieated 
like a pulmonary abscess and opening into the lung should wait for 
fixation of the lung to the thoiacic wall Finochietto has boldly 
depended on bronchial drainage aftei cleaning out an infected cyst cavity 
and completely closing the incisions in the lung and chest Aflien 
thick-walled cavities remain aftei prolonged drainage some method to 
secuie then obliteiation must be attempted CampbelH"* reported the 
cessation of the cough and expectoration follownng phrenectomy in a 
case m which an infected caiit}'- remained aftei a tw'o-stage operation 
foi a suppurating Iwdatid cyst K D Fairley mentioned the neces- 
sit\ of lemoMiig se\eial ribs in order to obhteiate a caiiti In my 
fiist case it was necessan to uni oof the caviti In removing the thickened 

si \ntoinicci, C H\datid C\st of the Lunar Pohchnico (bez prat) 30 798, 
1923 

S2 Har\e\ Cotter Suppurating Hidatid Disease of the Lung Cured H 
■Artificial Pneumothorax AI J Australia 1 458 1929 

51 Murpln T B Surgen of the Lung J A ^f A 31 341 (Aug 13) 1898 

54 Campbell A T Diaphragmatic Parahsis is a Therapeutic ^^casure m 
Inlnthoncic Disease Quart 1 Med 21 463, 1928 
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paiietal pleviia and uudei lying adheient lung, togethei with the nbs and 
intei costal tissues This allowed the superficial thoiacic wall to drop 
into the pulmonaiy cavity, wheie it finally became adherent and per- 
mitted healing to take place 

PROGNOSIS 

In 1882, Oslei said, “The accidental ingestion of the eggs of the 
tiny Taenia echinococcus ot the dog pioduces the most serious and 
fatal paiasitic disease of man ” Echinococcosis as a disease is responsi- 
ble foi a gieat many deaths in those poitions of the world wheie it is 
common Cun an and Locke made the statement that 14 per cent of 
the death late in Iceland duiing 1917 was due to echinococcus cysts 
The piognosis in pulmonar}^ hy^'datid C 3 sts deiiends mainly on whether or 
not theie is multiple infestation as a complication Solitary c}sts or 
even the piesence of multiple imasion of pulmonary tissue, provided 
the extent is not too gieat, should not cany a high mortality Because 
of the inci easing diagnostic aid ofteied by the biologic tests and the 
use of the fluoioscope and the loentgen lays, both for help in differ- 
entiation and for localization, pulmonaiy cjsts do not present serious 
difficulties m diagnosis The great advances made in intrathoracic sur- 
gery during the past few j^ears has made it possible to develop surgical 
methods of handling hydatid cy’-sts of the lung with a minimum of oper- 
ative nsk In the senes of thirti-thiee cases studied by K D Fairley,' 
death lesulted in foui, oi 12 12 pei cent Opeiation was not performed 
in ten of these cases, there was apparent cuie by vomica in eight and 
death in two, or a mortalit}'- of 20 per cent Theie were two deaths 
m the twenty-two patients on wdiom opeiation w^as performed, giving 
a moitality late of about 9 per cent Heuei quoted Garre as reportiHt, 
an 80 pel cent cine by open incision in a collection of ninety-nine cases, 
and Tuffiei, wdio collected thirty- five cases treated by operation, reporte ^ 
only one death These figures aie comparable to statistics quote } 
Lavillat He mentioned that Pasquier lepoited lecovery in 85 1 
cent and Guimbellat in 87 pei cent 


REPORT OF CASES 

Case I —Histoi y —Uiss F L, a stenographer, aged 19, was first 
Highland Hospital on Feb 21, 1929 She ivas born in Delevan, ^ 
the age of about 3 3 'ears ivas brought to Rochester She had newr^^^^^^ junng 
of her native state For several j'ears, the patient had a pet 
the last few months of its life suffered from some gastro-mtes neighbor- 

It died suddenlj^ during the summer of 1928, as other dogs m tie 

Echinococcus Cists, Boston M 'S. S ^ 


55 Curran, J F , and Locke, A W 

191 932, 1924 \0, 

56 Heuer, G J Surgery of the Lung, Nelson’s Loose Lea urg 
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hood had, and its death was attributed to poisoning The patient had had scarlet 
fever at 17 sears of age, otherwise she had been well up to the onset of the 
present illness 

In Februar}, 1928, she had an attack of pleurisj associated with feier and 
disabihts She did not remember w'hich side w'as in\ohed In March, there 
w'as a recurrence of pleunsj which lasted about a w'eek About June 1, there 
w^as another attack of pleuris}'-, for the treatment of which she entered the Genesee 
Hospital on June 11, where she remained for several da}s A studi of the hospital 
record reveals that 60 cc of clear opalescent fluid was obtained bj aspiration 
of the left side of the chest, the fluid w'as negative on culture and on inoculation 
into a gumea-pig The blood showed a persistent leukocjtosis of from 20,000 



Fig 2 (case 1) — Roentgenogram showing a large uncomplicated h\datid cjst 
in the lower part of each lung field 

to 30,000 There was no increase in eosinophils Roentgenograms of the chest 
showed large o\al shadow's with clearcut edges in the lower part ot each lung 
field (fig 2) The diagnosis of puhnonari echinococcus cjsts was suggested as 
a possibihU b^ Dr D B Jewett, because ot the roentgen appearance Howerer, 
the patient was discharged from this hospital at her own request and was lost 
from obser\ation b\ the staff 

Following discharge from the Genesee Hospital, she gradualh improied but 
did not entireh ^eco^er her strength Unproductne cough persisted ^bout fi^e 
weeks before admission to the Highland Hospital she had a \iolent coughing spell, 
during which she coughed up a large quantiti of pus and blood with an extremeU 
offen«ne odor Since that time she had had a persistent cough productue of 
about two cupfuls oi ^er^ loul sputum in twenty -four hours Associated with 
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these symptoms were evidences of sepsis with fever and loss of strength, appetite 
and weight 

E\amtnatwn—On admission to the Highland Hospital, physical examination 
revealed a pale, undernourished girl, obviously seriously ill She had a distressing 
cough and raised much extremely foul-smelling, purulent sputum Other than 
the poor general condition, nothing abnormal was found except on examination 
of the chest The heart was not displaced On the right side there was impaired 
resonance, front and back, m the lower portion of the chest In the area of dulness 
there were diminished breath sounds No rales could be heard On the left side 
there was dulness beginning at the angle of the scapula This changed to absolute 
flatness m the lower part of the chest The breath sounds were absent over the 



Fig 3 (case 1) — 'The hydatid cj’st on the left has become in ecte 
right side, the shadow of the cyst merges with the diaphragm an inte p 
IS rendered difficult 

area of flatness and markedly diminished m the area of dulness, and 

many moist rales m this region ^ legatne for 

Urinalysis was negative for sugar or albumin The sputum vas 
tubercle bacilli No search was made for hydatid elements 

showed leukocytosis without eosinophilia niade about 

Roentgenograms made at this time differed markedly from w 
seven and a half months previousl}’^ at the Genesee Hospita ^ patient ) 
privilege to studj'^ the earlier films until after I had operate o^^^^ 

On the left side, there was complete obliteration of the ^tion oi tbe 

field b}^ a uniform shadow On the right, there was o 1 era _ diaphrago’ 
portion of the lung field by a shadow consistent with a portion of tb*^ 

(fig 3) Iodized popp)'^ seed oil 40 per cent injected into tie 
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left lung field showed an uneven distribution of the material, which did not suggest 
bronchiectasis, but rather that the oil had entered an abscess cavity and was mixed 
with its contents (fig 4) 

Opeiatwns Cowse—Qn Feb 22, 1929, with the patient under procaine hydro- 
chloride anesthesia, a subperiosteal resection of about 3 inches (7 6 cm ) of the 
left tenth rib posteriorly was performed The parietal pleura was thickened and 
hard Careful dissection through it resulted in entrance into pulmonary tissue, 
showing the parietal and visceral layers of the pleura firmly adherent On aspira- 
tion of the indurated lung, pus was recovered about YA niches (3 7 cm) from 
the surface The intrapulmonary cavity was opened with the cautery There was 
a cavitj about the size of a large orange which contained pus of extremely offensixt 



Fig 4 (case 1) — The distribution of iodized oil through the area of suppura- 
tion in the left base 

odor that quicklj permeated the entire operating floor Further exploration of 
the caiiti reiealed that it contained a large amount of partially degenerated 
membrane and small circular pieces of a similar nature — all collapsed and not 
unlike empt\ grapeskins The ca\ity was thoroughly emptied and drainage tubes 
were inserted The external wound was held open b\ a gauze pack Hooklcts 
ot the echinococcus scolex were found in the pus from the caviti 

Following operation, there was rapid improiement in the patient’s general 
condition The cough and expectoration disappeared There was progressne gam 
111 weight and strength Howecer, after sexeral months obsereation, there was 
appareiith no reduction in the size of the intrapulnionare caeitj and the persistence 
ot iiiam open bronchi aniimed the patient It finalh became obeious that spoil- 
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taneous obliteration of this cavity was not going to take place, and the patient 
was admitted to the Rochester General Hospital on July 7, for treatment of the 
residual cavity and bronchial fistulas 

On July 8, with the patient under procaine hydrochloride anesthesia, a plastic 
operation designed to obliterate the remaining thick-walled intrapulmonary cavity 
was performed A curved incision with convexity downward passing at lower- 
most limits about 3 niches below the scar and sinus of former operation was made 
The skin and superficial thoracic wall were dissected upward forming a flap 
The external wmll of the ca\itj, consisting of ribs, intercostal bundles, thickened 
parietal and visceral pleurae and the fibrosed piilmonarj tissue, was excised to the 
limits of the cavitv The skin flap wms allow'ed to fall into the cavity, over the 
bronchial fistulas, and W'as held m place by a gau7e pack 

Following this operation, healing was slow, but finally the skin flap became 
adherent to the surface of the lung The open bronchi were frequently cauterized 



Fig 5 (case 1) — 'The deformity of the lower left side of t e ^ 3 

from operations The shadow of the cyst on the right is sti cons 
shadow cast by a high diaphragm 

with silver nitrate during this period During December, the showed 

and the bronchial fistulas were all closed Roentgen study a ’ 
deformity of the wall of the lower left part of the chest, but ’ open 

was sufficient functioning pulmonary tissue on the left si e o v 
operation on the right side of the chest for removal of the (fig S) 

low^er part of the right lung, which had remained unruptured an i g^ppignieiited 
On Jan 16, 1930, with the patient under gas-oxygen 8 inches 

with local infiltration and nerve block with procaine hj roci o pleura 

(20 3 cm ) of the right eighth nb was resected subperiostea ^ seicnth 

incised, and the chest was opened for the full length of t le obtain n 

nb was sectioned at the anterior and posterior ends o t Msceral an' 

better exposure There were a few stnnghke adhesions be w 
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parietal pleurae, and a small amount of bmiph was present on the pleural surfaces 
The upper and middle lobes were pink and normal m appearance In the lower 
lobe of the lung there was a mass larger than a child’s head, shaped somewhat 
like a football It was firm and tense Where it approached the surface of the 
lung It was white and cartilaginous in appearance The lung overlying the cyst 
was of a deep wme-red color, almost a purple The chest w'as carefully walled 
off wuth gauze packs, and the cyst was aspirated and emptied of its fluid content 
through a gallbladder trocar The fluid was perfectly clear and resembled “spring- 
water” As the cjst emptied, the lung w'as grasped with clamps and delivered 
from the chest An incision was made through the pericystic layer, and the 
hydatid cjst was removed by grasping it wuth sponge forceps It was lying free 
wuthin the pencyst without connections or adhesions to the host The cavity within 



Tig 6 (case 1) — Transpleural 


approach to a large cvst in the right lowmr lobe 


tie lung was carefully cleaned out by aspiration and sponging, and through the 
mcision into it, was marsupiahzed to the skin The remainder of the incision m 
tie ciiest was closed b> suture in layers, resulting in air-tight closure The opera- 
tion uas well borne (fig 6) 

So daughter cjsts were found The fluid from the c\st contained many brood 
capsules, scohees and booklets (fig 7) 

Tor the first few days, the patient was modcratcU d\spne!c, and there was 
s 1^ It cnnosis There was on!\ a moderate delation of temperature, but the 
pii sc late \aried between 120 and 140 for scicral da\s There was a slight 
aniount of bloodi drainage from the marsupialized area and for about four weeks 
le patient could express air from the caaite within the lung on cough or deep 
ircatuiinr 71 , incision healed without intection \tter tlirce weeks she began 





SUKGERy 
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to get up out of bed At first there was some djspnea on exertion, but this 
gradual]}" cleared up, so that at present she has no shortness of breath She has 
pi ogressivel} gamed in strength and weight (fig 8) 

About tw'o months after the last operation, an intradermal skin test performed 
with echinococcus antigen prepared from the contents of the patient’s hydatid nst 
provoked no immediate reaction, but tlicrc was a delajed reaction in the form 
of an thematous area about 4 cm in diameter, w Inch appeared in about eighteen 
hours and persisted for two dajs 

Siimmaiv A. large hidatid c\st was present m the low'er lobe of each lung 
The cj St on the left side ruptured into the broncliial tree and became infected 
The suppurating C 3 "st was renioied through pneumotoiin, and a secondar}" plastic 
operation was iiecessarv to obliterate the residual fibrosed lung cavity The cyst 
on the light remained unruptured and did not become infected It was remoied 
b\ a one-stage operation, and reco\crv followed 

Dr James ]\Iarkin ot Rochester referred tins patient to me (fig 91 

Cvsn 2 Hi^loiv — Air B A, an Italian, aged 35, w'as admitted to the 
Rochester General Hosjutal on Dec 9, 1927, because of pain in the right side ot 
the cliest, cough and hemopt\sts In Italj, he had lived on a farm and had 
tended sheep and cattle He had a dog at that time He came to the United 
States about sixteen \cars ago During the World War, he served wutli the army 
lit France for about nine nionths He had scarlet fever while in Italy, but aside 
from this had been well until the onset of Ins present sjniptoms For about 
ten }ears he had had pain in the right side of the chest and a chronic cough 
There had been some expectoration, at times of a black color Occasionally he 
had noticed blood m the sputum He had had some dv'spnea, and occasionallv 
suftered from night sweats His appetite w'as good, and he had not lost vv'eight 
About one week before admission to the hospital, he felt fev'erisli and had increased 
d}spnea He consulted Ins pltysician, who found a large shadow m the right side 
of the chest on fluoroscopic examination, and the patient vv'as sent to the hospital 
for study and treatment 

Examinalwn — The patient w'as an obese Italian The temperature on admission 
was 101 F , pulse rate, 98, and respirator," rate, 22 Nothing abnormal was found 
on examination except for the chest There w as no bulging or retraction of the 
thoracic vv"all The expansion w'as hunted over the right side The percussion 
note W'as dull ov'er the right side of the chest, especially posteriorly Over tie 
back, the breath sounds were absent, and they were considerably dimmishe m 
the axilla and ov'er the front of the right side of the chest There were no ra 
The left lung was clear throughout The heart was not displaced, the lear 
sounds were of fairl}" good quality and there were no murmurs 

Urinal} sis gav e entirely negativ'C results The red blood count was 4,63 , 
and the hemoglobin reading, 91 per cent (Sahli) The white blood count v^^^ 
8,300, polymorphonuclears, 70 per cent, lymphocytes, 27 per cent, 

2 per cent, and eosinophils, 1 per cent The Wassermann and Kahn reac i ^ 

of the blood W'ere negativ'e Roentgen examination was performed by i" 

Lmgeman, who reported a large dense shadow occupying the 

the right thoracic cavity This had a sharp, clearcut medial margin and a 

geneous density throughout He felt that it was necessary to consider in le 

ential diagnosis, a large encysted pleural effusion, a malignant con 

pleura and echinococcus cyst of the lung (fig 10) eitb^’' 

An intradermal injection of an echinococcus filtrate caused ,„„I 

immediate or delaved (This filtiate w'as about a vear old and i 
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edge as to its antigenic content Presumably it had lost the power of pro\oking 
a reaction) 

Opoatwn— On December 12, with the patient under gas-oxigen anesthesia 
supplemented with infiltration and ner\e block with procaine h\ drochloride, a long 
segment of the right ninth rib was excised Man> adhesions existed between the 
lung and the parietal pleura, w'hich were separated by finger dissection There 
was a large cystic tumor in the right lower lobe reaching from the diaphragm 
high into the chest The external wall of the cyst was thick and fibrous and 
showed some calcification The cAst was aspirated, and grayish-red fluid was 
obtained It gave somewhat the appearance of a suspension of gold-dust The 



Pig 10 (case 2) — Roentgenogram showing large, dead c\st of right lower lobe 

wall of the c\st was incised, and a large amount of the same fluid escaped, together 
with degenerated tissue not unlike fibrin The external wall of the cist was 
excised as far as it could be reached There was no eiidence of open bronchi 
on the inner wall oi the cjst The caeite was packed with gauze, soaked in 
acnflaMiie 1 500 and the anterior end of the incision was closed in laeers 

Pathologic Report — The fluid and pieces ot the wall oi the c\st were examined 
b\ Dr I Caspar who reported that the fluid contained main cholesterol crystals 
xcieral smears ol the ceiitriuigated sediment were examined, but no booklets 
were luiiiid Section ot the wall oi the erst showed a marked hraline fibrosis 
There were no bronclinl glands and no deposit of hemosiderin pigment in the 
vail He concluded that the etiolonr oi the cr-t could not be definiteK determined, 
but u IS poviible that it wa?, a i^irh old echinococcus c\st 
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Course — The postoperatue period was complicated bj a prolonged febrile reac- 
tion Immediatelj following operation, the temperature rose, fluctuating between 
102 and 103 F and remained at this Ic\el for ten dajs, when it increased to 
between 103 and 105 F , it persisted at this height until the nineteenth daj, wdien 
It fell to between 100 and 101 F, at which le\el it continued for se\eral weeks 
During this time the pulse ranged from 110 to 130 This was thought to be the 
result of infection in the pleural ca\iU The drainage from the chest became 
purulent and rather foul Following the institution of irrigation wuth surgical 
solution of chlorinated soda (Dakin’s solution), the foul odor disappeared and the 
nature of the drainage changed A transfusion of 500 cc of citrated blood was 
gnen once following operation as the red blood cells had fallen to 3,720,000 
with a hemoglobin reading of 71 per cent On Jan 12, 1930, the cant) within 
the chest held 500 cc of surgical solution of chlorinated soda The use of 
blow -bottles ’ w as started, and the patient w as encouraged to use them frequenfl 
B) Februar) 9, the size of the caMt\ had decreased so that it o\erflowed on 
instillation of 185 cc of the surgical solution On Februar) 13, it was necessar\ 
to enlarge the sinus tract under local anesthesia as tlie tract had become so 
narrowed as to present adequate drainage Serial roentgenograms showed a 
progressue although slow, decrease in the size of the residual caviF On April 1/, 
a roentgenogram showed onh a narrow iinobhteratcd cant) The lung show'cd 
definite expansion The caMt\ held but 45 cc on Apiil 30 The patients general 
condition remains excellent 


Stittritiaty — The patient presented a large c\st m the right side of the chest 
It was treated surgicalh b\ rcmo\al of the contents and excision of the greater 
part of the external wall Tiiere were no scolices or booklets found in the c)st5 
contents I belie\e that this case represents one of a large hidatid c\st " 
had terminated its grow'th b) obsolescence In fa^ or of this opinion are the oiig 
course of the hpical SMnptoms of a Indatid c\st of the lung, the 
appearance and the operatne observations, all of which are difficult to expai 
on an^ other basis 


C \SES REPORTED IN THE LITERATURE 
Gw s C\se 5- (1858)— D R, a man, aged 71, had alwa)S been 
Feb^uar^ 1857 The symptoms in the illness preceding his death 
bladder difficulties There was no mention of pulmonary SMnptoms 
AutopS) showed a carcinoma of the bladder “At the apex ^ 

a la\ er of w lute, dense, fibrous tissue an inch in diameter, an e we 
two lines m thickness The surface m the immediate neighbor loo '' g 

opaque, with thin patches of the same Beneath a dense wdute su ^ 
la%er of pulmonar) tissue of about the same thickness, and bluish-" bite 

upwards of Yz inch m diameter filled wuth serum and lined ) a " 
membrane which was evervw'here studded wuth ) ellow'ish-w' iite po^^^^^^ 
the serous fluid was lost That wduch remained w'as of a ) e concentra^ 

contained a large number of echinococci, detached hoo s an a ^ parasites H 
corpuscles The lining membrane itself w'as covered wuth t e sa 
presented the usual striated appearance ’’ i rlrl r Autops' 

Snrittnar v — A man, aged 71, died from carcinoma of fliagno''^ 

revealed a hvdatid c)st of the left lung unrecognized uriiio 
was proved bv recov'ery of booklets and echinococci 

M & S J 57 218, 1858 


57 Ga) Case Report, Boston 
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Stille’s Case ss (Credited to Gay b> Ljon) —At a meeMng of the Pathological 
Societj of Philadelphia, a cjst was exhibited about three-fourth inch (1 8 cm) in 
length, pjriform and containing yellow ish-rcd fluid This was expectorated shortly 
before death by a man whose mam sjmptoms were great emaciation and cough, 
and who presented dulness on percussion and a feeble respira<^or\ murmur of the 
right lung, at the apex of which gurgling also existed There w’as no postmortem 
examination and no proof as to the nature of the cjst 

Sutiimaiy — A. c^st was expectorated shortlj before death b\ a man presenting 
pulmonarj s3mptoms This case is included b\ Ijon in his series as a pulmonar\ 
hjdatid cjst The record makes acception questionable 

Smith’s Case^o (1858) —Afrs A, aged 34, from girlhood had had S3mptoms 
of a diseased Iner At mterials of one or two 3 ears there were acute paroxysms 
of pain accompanied b3 enlargement In the winter of 1857, growing tenderness 
was noted in the hypochondriac region The side was swollen e\en to distortion 
of the ribs Aluch pain and numbness in the arm and foot of the right side were 
constant S3mptoms Earb in April, 1857, the disease became more acute The 
swelling of the side, the pain and the soreness increased rapidly There was great 
pain in the top of the head wnth acceleration of the pulse Without premonitor3 
S3mptoms of an3 kind, there was a large discharge from the bow^els of fetid, 
purulent and blood3 matter which continued for two and a half da3'S, producing 
great exhaustion Cough set m with expectoration of froth3 fluid at first, and 
later sputum resembling that of pneumonia About September 1, C3sts were first 
coughed up, from one to three in a da3, \arying m size from that of a filbert 
to that of a pea, all much torn They w'cre examined b3 more than one observer, 
and not a trace of parasite was found The discharge of C3sts became gradually 
less frequent but more numerous and more variable in size Sometimes after an 
lnter^al of five da3S, tw'cnty or thirt3 would be thrown oft at one parox3sm ot 
coughing that lasted two or three hours Later these parox3sms occurred once 
in ten da3s, and the C3'sts w’ere discharged perhaps during the course of two da3S 
Some w'ere so perfect as to ha\e but one aperture, tbe3 were inflated b3 the 
blow pipe Some smaller than a pea came up unbroken, but soon collapsed Their 
contents were apparentb pureb serous, and the same thick expectoration as at 
first accompanied them The C3Sts were opaqueb white — with few exceptions, the 
walls were translucent — and under the microscope exhibited onb occasional striae 
At the time this case w^as reported the patient had much less pain and suffering 
than she had the winter before, though she W'as not so strong and respiration was 
more deficient The specimens of sputum contained some clots of blood The 
parox3sms were exhausting, Molent and spasmodic, resembling those of whooping 
cough 

5'i(Hiiiia)3 — A woman, aged 34, whose birthplace was not mentioned, apparentb 
had a large C3St of the luer w'hich ruptured into the gastro-intestinal tract There 
was also primar3 infestation of the lungs with a C3St rupturing into a bronchus 
and partially discharging its contents The numbness in the arm and the foot 
on the right side together w ith the intense headache suggests also a C3 st im ob ing 
the central nervous 53 stem The case was reported as “c\sts from the luer 
coughed up through pulmonar^ passages ” The case is included m Osier s series 
as an instance of echinococcus c\st of the lung 

58 Stille Case Report, North Am Med & Chir Re\ 2 506 1858 

59 Smith, r Gurne3 Case Report, North Am kled &. Chir Re\ 2 333 
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MI^OT’s Cvsego (1859) — A woman, aged 35, for se\eral jears had had pain 
shooting to the back and to the right shoulder and uneasiness in the right h)po- 
chondriac region In the spring of 1856, while in New Orleans, she was seen bj 
a phjsician who detected an obscure tumor in the right h^ pochondriac region, 
which he described as feeling like a watch, deeplj seated beneath the integuments 
At this time she had considerable prostration In April, 1857, a large tumor 
de^ eloped rapidh m the same spot It embarrassed respiration and compressed 
the right side of the lung so that no respiratory murmur could be heard, except 
in the upper part of the right side of the chest It wms excessiveh painful and 
tender One night she had se\eral enormous e\acuations from the bow'cl, the dis- 
charge being clear, colorless fluid and excessn eh fetid The tumor almost wdiolly 
disappeared at once She was extremely prostrated and had considerable fe\er, 
trom which she slowly reco\ered About June 1, she began to cough and to 
expectorate froth^ mucus About September 1, she began to cough up hydatid 
cysts of ^arlous sizes Ihis occurred about twice a week, two or three being 
discharged each time, with a sensation as il they were detached from tlie loi\er 
part of the right lung The tumor diminished, and in October could no longer 
be felt The patient’s health steadily impro\ed, and on Sept 27, 1859, she was 
quite well She had not coughed up an\ hydatid c\sts for three months 

Sumiiiaiy — A woman, aged 35, whose nationalit\ was not known, had a large 
cyst 111 the upper right part ot the abdomen which discharged into the gastro- 
intestinal tract Her condition was later complicated by the expectoration ot 
hydatid cysts, o^er a period of mam months This case was reported by" L^on 
as a case of hydatid of tlie liter with perforation of the diaphragm and the lung 
study of the case record suggests multiple infestation of the lung and liter 
Loomis’ C\seGi (1878) — A man, aged 43, a natite of Ireland, a shoemaker, 
at the age of 19 had his first attack of iiifiammatort rheumatism, tvhich as 
two months and intoltcd all of the large joints He had seteral similar attac 
at intert als of from one to four y ears The length of attacks varied rom 
to three months In September, 1867, he suffered from unusual cardiac pa pi^a 
accompanied by set ere paroxtsms ot coughing, and for the first time m 
he raised blood The spitting of blood continued almost w ithout interruption ^ 
Jan 10, 1878 The blood was bright red and taried in quantity trom 
teaspoonfuls During this time, he raised some blood nearly 
January" 10, he began to spit up much larger quantities than ever 
January 10 to 18, he thought that he raised as much as 18 pints 
On January 18, after a Molent fit of coughing, he raised ,^, 0 - this, 

appearance of a membrane It was pearh white and partly" red he 

he raised other pieces, some of which looked like little During 

expectorated a piece he w"Ould spit up a large quantity' of bright re o 
the period of profuse hemorrhage, he lost weight rapidly and membrane 

Three weeks after the first profuse hemorrhage he again coUo e gomethmg 
and had anotlier seiere hemorrhage At this time he felt as t ou^ 
was torn out of the inside of his chest The membrane came^up^^ hlood or 
pieces and he experienced a sense of relief Since then he raise^^^^ ^ 

membrane At the time this case w as reported he coug e ^ weight and 
slight amount of mucopurulent expectoration He gamed stea 1 y 


60 !Minot Case Report, Boston ^I & S J 61 279, 1859 

61 Loomis, A L Hy'datids of the Lung, I^I Roc 14 
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strength Palpitation, which had troubled him more or less for the past two 
01 three } ears, w as less than at anv time since that period 

He generally looked quite well The pulse and temperature w-ere normal On 
examination of the chest, the right shoulder was found to be lower than the left, 
and there was slight retraction on the right side, more marked posteriorly than 
anteriorlj klotion of the right side during respiration w'as markedly diminished 
The apex of the heart w'as plainly visible 1 inch (2 5 cm ) to the left of its 
normal position Vocal fremitus was more marked on the right, especially in the 
mammary and superior axillary regions There w^as loss of resonance all over 
the right side of the chest, being most marked in its low'er portions Exaggerated 
lespiration w'as heard all o\er the left lung On the right side below' the nipple 
there was almost absence of respiratory sound On a line wuth the nipple, bronchial 
breathing w'as heard over the right mfrac'avicular space 

There was hypertrophy of the heart w’lth mitral regurgitation and stenosis 
The lower margin of the luer was palpable below' the costal margin It was 
smooth and rounded The spleen w'as slightly enlarged on percussion No tumor 
was palpable m the abdomen The sputum contained portions of the w'all of the 
Indatid CAst and m some instances a complete hydatid cyst There w'ere minute 
white particles w'lthin the c\st Under the microscope, they proved to be 
‘echinococcus honionomous ” 

Dr Loomis concluded that it w'as probable that at the time of his examination 
there were no cvsts in the lungs, as the patient had had neither hemorrhage nor 
pulmonary symptoms since he last expectorated a cyst about four w'eeks before 
Swnvtaiy — A man, aged 43, a native of Ireland, suffered from cardiac hjper- 
trophy w ith mitral stenosis and regurgitation Apparently spontaneous cure 
occurred b^ rupture into the bronchus and expectoration of the cyst How'erer 
a four weeks’ follow'-up seems insufficient to prove a spontaneous cure The 
diagnosis w'as pro\ ed by microscopic discovery of “echinococci homonomous ” 
Ainsworth’s Casc®- (1880) — Max Stearns, Polish, aged 40, was admitted to 
the Post Hospital, Fort Vancouver, in the latter part of August, 1875 The 
history and physical examination gave indications only of urinary and abdominal 
disease On the fourth day after admission symptoms of acute general peritonitis 
developed, and the patient died on September 12 

Autopsj revealed general peritonitis The bladder w'as completely filled with 
cists, about sixty, varying m size from that of a pinhead to that of an orange 
The cvsts were lying free in the bladder They ivere all single The bladder 
also contained a much larger sac, ruptured, which was considered to be the 
mother sac 

The middle lobe of the right lung contained, embedded in its anterior portion, 
a tumor a little larger than a walnut, consisting of a firm, fibrous, 3 ellowish- 
white capsule intimately conneeted on all sides ivith the pulmonary tissue and 
containing seieral cysts varying m size from that of a pea to that of a marble 
There was also a cist in the lower extremity of the spleen about the size of an 
orange, similar m external appearance to tlie one m the lung There is no 
mention of a microscopic examination 

Sutiimaty — A man, aged 40, Polish, died of genera’ peritonitis No pulmonari 
simptoms had been noted Hjdatid cjsts of the bladder, spleen and middle lobe 

62 \insworth PC A, Case of Hidatids of the Bladder, AI Rec 18 346 
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of the right lung were found at autopsy The diagnosis was not proved h\ micro- 
scopic studj, but the gross description seems satisfactory proof 

Fencer and Hoi mster s C'iseos (188I) —Francesco Coputa, an Italian, aged 
34, a laborer, was a patient in the Cook County Hospital Twelve \ears before, 
while a mounted gendarme in Itah , he suffered from a heinoi rhage from the lungs 
of about 2 ounces (56 7 Gm ) He was hospitalized for one week During the next 
two jears, he remained well After this time he had a cough accompanied by pam 
around the right nipple The pain subsided on the application of leeches and the 
cough also disappeared after a month In the following years, even autumn he had 
a return of tlic pain, alwavs at the same point m the chest, between the third and 
fifth ribs and around the nipple, accompanied by coughing This would persist 
for a month but was reheied bv the use of leeches and venesecticui During the_ 
past four years the pain became more severe, as did the accompan 3 mg cough 
In the interval betw’een attacks he w'ould occasionally feel some pain m the region 
of the right nipple w'hen lifting a heavy' w'Cight He came to New York in 
1870, where he stayed one and a half years He worked during this tune exceot 
for the period m the fall in which ht had his usual attack of pam and cough, 
during which he expectorated mucous matter which w'as occasionalh slightly 
streaked with blood In Julv, 1880, he came to Chicago, w'here he commenced 
work as a common laborer During September, the pam in the right nipple set 
in again It w'as a steady uinary'ing, intense pain, accompanied by a slight cough 
His appetite remained good, but he w'as forced to stop w'ork for tw'o w'eeks In 
November, he had a recurrence of pam and cough and had to stop w’ork He 
lost his appetite, became weak, and for the three weeks prior to admission to 
the hospital was confined to bed During this time cough distressed lum dai 
and night, and m the tw’enty-four hours he raised about 1 pint of mucous matter, 
sometimes streaked wuth blood Suddenly, about one w'cek before entrance to tlie 
hospital, he coughed up a large cpiantity of whitish material, as he said wdnte, 
like paper ” Cough and pam increased He grew weaker, lost his appetite and 
was unable to sleep He W'as told bv those about him that his breath was oftensne 
Physical examination show'ed a poorly nourished man, tall and of moderate 
weight, with profuse perspiration The pulse rate was 98, the temperature 10 
and respiratorx rate 36 When he lay on his back and the chest was percusse , 
he coughed incessantly, and a very offensive odor was noticed around tlie e 
Percussion show'ed dulness below the second rib anteriorly on the right si e^ 
There was also dull percussion in the axillary and infra-axillary regions an m ^ 
the scapular and mterscapular regions When the patient lay on his bac , 
was an area of tympanitic percussion on the anterior side of the o ' 
sides of the chest participated equally in the respiratory movements 
side of the chest was neither sunken nor prominent The intercosta 
the same appearance on the right as on the left side In the region o 
percussion note, the tactile fremitus was nearly, but not quite, absent ^pper 
right side of the chest, sibilant rales were heard in the upper part o 
lobe and m the posterior part of the lower lobe over the regions 
percussion, respiratory sounds wmre obscure When the patieiF^^aj^^^o^^^^ 
were cavernous respiratory sounds over the tympanitic area ^ patient 

of the right side of the chest near the nipple hue wms aspirate wi „as 

sitting up, and thin, grayish fluid of the same offensive odor as i^^ jjj„nber o' 
withdrawal On microscopic examination, the fluid containe a 
pus cells w'lth fatty detritus and bacteria 

^ £ Ca'itit'" 

63 Fenger, Christian and Hollister, J H Opening and Draining o 

m the Lungs, Am J M Sc 81 378 1881 
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The diagnosis \\as fetid cavity of the middle lobe of the right lung near the 
anterior surface and most superficial at the nipple, having an insufficient outlet 
through a large bronchial tube in the anterior border of the caviti, and diffuse, 
purulent bronchitis in the left lung Operation was performed br Dr Fenger 
on December 26, with the patient under ether anesthesia An uicisioti niches 
(6 27 cm) long was made in the third intercostal space, 1^ inches (3 7 cm) 
to the right of the sternum The incision was carried down, exposing the inter- 
costal muscles A detached hypodermic needle was introduced, and as neither 
inspiration nor expiration caused this to move, it was withdrawn and the incision 
carried into the cavitj About one-half pint of gravish-white offeiisue matter 
mixed with some air escaped The opening was then enlarged to allow entrance 
of the finger into the cavity Digital exploration revealed firm tissues tow'ard 
the axilla, and in this region betw'een the fifth and sixth ribs a counter opening 
was made A heavy rubber tube, 10 mm m diameter, was now' passed from the 
anterior to the posterior opening The cavitv was irrigated w'lth 2 per cent 
carbolic acid As soon as the cavity w'as filled, the patient began to cough During 
coughing It W'as noticed that a yellowish-white mass w'ould appear at and pro- 
trude a little from the anterior opening This was removed It w'as one large 
coherent gelatinous mass On microscopic study, this proved to be a large 
echinococcus cyst The w'all of the cyst presented the characteristic finely striped, 
that IS, laminated, layers of amorphous or homogeneous substance, the stripes 
ahvajs running parallel to the surface of the wall The sac w'as from about 
5 to 6 niches (12 7 to 15 2 cm) in diameter The w’all w'as homogeneous, gelatinous 
and transparent It w'as soft and friable, but still soniew'hat elastic, and presented 
no secondary cysts On Feb 6, 1881, the incisions were healed, and the patient 
had no cough or expectoration On April 7, he was discharged from the hospital 
as cured 

Sitiiiviaiv — An Italian, aged 34, had pulmonary symptoms of twelve 3 ears’ 
duration There were cough, pam m right side of the chest and hemoptisis The 
cyst ruptured into a bronchus, and this was follow'ed by suppuration w'lthin the 
ci St Pneumotomy was performed, and recoverv ensued The diagnosis w'as 
proved 63 the microscopic examination, although there is no mention of the 
discover3' of scohees or booklets This is the first recorded case of suppuration 
of the lung cured by pneumotom3' 

Smith’s Case O'* (1882) — A girl, aged 20, was first seen on Nov 4, 1881 
Her chief complaint was a running sore on the posterior part of the chest This 
was situated opposite the eighth intercostal space on the left side 2 inches (5 cm ) 
from the spine Several sinuses were found running upw'ard and outward There 
was no other bulging on the chest She did not have cough, pain or shortness of 
breath The duration of symptoms was two vears S3'mptoms began with pain 
in the left side followed 63 slight shortness of breath and verv little cough, but 
no expectoration Occasional chills, fever and sweating were noted After six 
months a tumor as large as a closed fist dev'eloped near the inferior angle of the 
scapula It had been diagnosed and treated as a fattv tumor, cold abscess, etc On 
two or three occasions it was opened and pus escaped Operation was performed 
on November 30, with the patient under chloroform anesthesia and the sinuses 
were Hid open bv an incision extending from the sixth to the ninth ribs A. probe 
could be made to pass deeplv through the small openings in the sixth sev enth and 
eighth intercostal spaces Two transverse incisions ly 2 inches long were then 

64 Smith D r Case Report Canad M S T 11 195 1882 
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made m the intercostal spaces, and a considerable quantity of dirty, brown pus 
escaped The finger could now easily be passed through around the intercostal slit, 
and the costal walls of the canty were felt to be smooth, regular and unyielding 
Injection through the upper openings resulted in pus and a number of small, 
smooth and shppery-walled C 3 sts of different sizes being forced through the lower 
opening The cjsts were all opened when they escaped, and they quite collapsed, 
none was larger than a marble Some of the cysts still contained a small quantity 
of shmj, semitransparent, glairy fluid No microscopic examination w^as made 
The patient progressed well, and recovery was complete in tw'O months 

Suininaiy — A girl, aged 20, presented slight pulmonary symptoms The thoracic 
wall was penetrated b\ a suppurating cyst from w'lthin the left pleural carih 
There was no definite proof that the disease originated m the lung It niav haie 
been a pleural c\st (fig 11) 



Fig 11 (D F Smith’s case) — Spontaneous penetration of the thoracic wall b 
a suppurating cy'St 

Bernav’s CaseC 3 (1882)— This was the case of an Englishman, wdio had 
come from Honolulu, wdio expectorated an echinococcus from the lungs ^ 

Stimitiaty — This case was not published and w^as recorded m the f 
brief manner in Osier’s senes of cases Lj'on credited the case to Bernaj^ 
reference gnen wms to Osier’s compilation ot case reports, in w^hic e™ J 
IS included 

Black’s Ca.se ce (1882) —A minister, a native of Essex Countv, jg 78 

been in Canada about six y^ears He first consulted Dr Black m Aikms 

He gave a history^ of gradually failing health for four years n > 


65 Bernay Case Report, Am J M Sc 84 475, 1882 j yr s S I 

66 Black Case of Echinococcus Disease of the Lung, Cana i 
140, 1882 
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of Toronto had disco%ered and remo\ed a h\datjd tumor of the Iner For a time 
he was impro\ed, but the irapro\ement was not lasting During a jear and a 
half prior to this consultation, he was steadib less fit for attending to his duties 
The patient was much emaciated and of sallow complexion His countenance had 
a pinched and somewhat cachectic appearance He had some djspnea with a dr> 
cough The epigastrium and right hjpochondnac region were tense and some- 
what tender The lower intercostal spaces on the right were enlarged and tense 
There was marked dulness o\er the lower part of the right lung The heart was 
in normal position and greatlj deficient in force The spleen was slightlj 
enlarged The lateral margin of the liver was large, hard and smooth There was 
increasing dulness in the right side of the chest The spleen increased in size 
rapidh Djspnea became more marked Some edema of the feet de\ eloped On 
Feb 25, 1879, after a distressing coughing fit, he raised nearlj 2 pints of purulent 
fluid, in which floated a large number of c\sts rarjing in size from 2 to 3 inches 



Fig 12 (Black’s case) — Cjst m the right lower lobe communicating externally 
through a bronchus, large unruptured cjst of the Iner 

in diameter to those barel) perceptible Following this, there was dailj purulent 
expectoration and some cjsts Gradualh the sj'mptoms improved On Jilarch 10, 
he had succeeded m raising, a cjst larger than an> of its predecessors When 
“giving a sudden cough, purulent material began to boil out of his mouth and 
nostrils and he was strangulated instanth ” 

Autopsj revealed “abscess of the lower part of the right lung which had been 
distinct from that ot the liver The purulent matter and cvsts discharged on 
Februarj 25, and from that time until the tenth daj ot ilarch, I believed to have 
been the contents of this abscess The cavitj was flooded bv a greenish-v ellovv 
purulent fluid and floating cvsts discharged from the hepatic abscess The heart 
was Ijing with its apex to the lett nearlj beneath the lelt sternoclavicular 
articulation The upper part ol the right lung was studded with tuberculosis 
The leit lung w as in its normal condition The diaphragm w as pushed far up into 
the thorax, the liver was adherent to the diaphragm, and through the diaphragm 
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\\as a large opening winch communicated with an immense caMtj in the luer 
The rupture of the diaphragm and the consequent discharge of the contents of 
the hepatic abscess I behc\e to have been the immediate cause of death The 
ca\it-s in the liver vas about 9j4 inches m depth and 6 inches across In the 
caMt% was still a large quantiU of grcenish-vellow fluid like that found in the 
chest The Iner vas of immense smc and studded with tubercles of a 3 ellowish 
color mam of vliich were about the si/e of a pea The spleen had imbedded in 
It a large cist filled with colorless fluid in which I could detect no scolex” 

Smitinoi} — A man, age not gnen, a natnc of England, had been in Canada for 
six 3 ears A large hidatid cist of the luer and a large hidatid cist of the right 
lower lobe of the lung were found The ci'st of the lung ruptured and discharged 
through a bronchus, following suppuration The infected cist of the liver ruptured 



Fig 13 (Blacks case)— The cyst of the liver penetrated the diaphragm and 
lung, empti mg into the mtrapulmonary C 3 st and causing death 

through the diaphragm into the pulmonar}" C 3 st, causing sudden death of tl P 

b 3 droivning (figs 12 and 13) tomach 

Flrglsox’s CaseO' (1893)— In a patient dying from cancer ^ 

a large cist lias discovered post mortem “He did not complain o 

a C 3 'st, a small one, ivas first discovered on the postmortem table 

, There was no 

SnuDiiai :^ — A C3st of the lung was discoiered at autops}^ lassification of 

microscopic proof of the nature of the C 3 '^st Probably ^ f , exteiisi'o 

this cyst as a h 3 ddtid cyst is satisfactor}' proof, as he ha a ],ad 

experience with hydatid infestation among immigrants from ce ^ of 

located m W innipeg He reported having seen t\vent 3 -one cases 
the hver and six others in ivhich hvdatid cists were located m otier 

^ j3 41, 1893 

67 Ferguson ^ H Hydatids of the Liver, Northwest aiice 
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Ke\es and Besch’s Caseys (1896) —A German, aged 53, of extremely intem- 
perate habits, had had hphoid fever in 1865 and some liver trouble in 1872, at 
which time, according to his statement, he passed a quantity of black marbles, 
probablj gallstones His last illness dated from Januarj, 1895 On March 17, 
he came under the care of Dr Hebenstreit and Dr Meisbmger, who obtained the 
following history The patient had pain in the right side near the liver He 
coughed up a grajish fluid of a disagreeable odor, and an acid taste The right 
side of the chest was bulging The right pleural cavity w'as aspirated, and one 
syringeful of serous fluid w'as removed A small tumorlike mass, wkich could 
be felt just below^ the ensiform cartilage and to the right, was also explored with 
a hvpodermic needle with negative result On percussion, the liver did not 
extend below' the free border of the ribs It extended as high as the nipple in 
front and at the same level to the median line behind In the axillary line there 
W'as flatness extending to the crest of the ilium The patient died on March 16, 
1896 



Fig 14 (Kej'es and Busch’s case) — ^Intrapulmonary cavitj communicating with 
a large cavity in the subphrenic region, also an unruptured cist of the Iner 

Autopsj revealed no fluid in the pleural cavities The left lung was normal 
The right lung was firmly adherent at the base to the diaphragm It crepitated 
well On section, bloody froth exuded from the bronchial tubes A cavity with 
calcareous walls was discovered m the base of the lower lobe, SO mm m breadth 
and 10 mm in depth It communicated w'lth the bronchus on one hand, and on 
the other, through an opening in the diaphragm with a similar though much larger 
cants immediatelj below the diaphragm which measured 100 mm m its horizontal 
diameter and was IS mm in depth It was also lined b> calcareous plates No 
opening could be discmered leading from it, except that into the lung canti 
Imincdnteh beneath this subdiaphragmatic canti, there was still another It 
was parth surrounded bi liver tissue and was intimateh connected to the gall- 

68 Keies \V C, and Busch, F C \ Case of Multiple Echinococcus Cists 
Buftilo M T 35 25, 1896 
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bladder and its ducts b}' inflammator 3 ' adhesions Its capacity was about 100 cc 
No connection could be demonstrated between it and a cavity above or with the 
gallbladder and its ducts The calcareous lining of all three cavities was bile- 
stained In the omentum and mesentery there were ten or twelve nodules varjing 
m size from that of a pea to that of a walnut, and there was one evst attached to 
the wall of a left inguinal heinia Hooklcts were demonstrated m them A stone 
1 5 cm in diameter was found in the common bile duct, and a large cyst measuring 
18 by 14 cm was found in the right kidncv It contained many daughter cjsts, 
scolices and booklets, however, no hooklcts or scohccs were found in the cavities 
in the lung or below the diaphragm 

Siivnnaiy — A German, aged 53, had a bronchobiliary fistula There were 
multiple hydatid cysts m the omentum, mesentery and kidney Discovery of 
scolices and booklets proved them to be hj'datid cjsts There was no direct proof 
that the cavities in the liver, subphrcnic space and the right lover lobe of the lung 
resulted from hydatid evsts It seems probable that the cavity in the lower lobe 
ot the right lung was a secondary focus from rupture of the siibphrenic cavity 
through the diaphragm 


Becks Case (1898) — An Austrian, aged 38, had been in the United States 
sev'en years About S!\ }cars before he bad an attack of pleurisv with effusion 
Serous fluid was aspirated from his chest After slight improvement lasting 
about nine months, he was again taken sick This time he coughed violently and 
expectorated much blood He was then treated for consumption and admitted to 
a home for consumptives About two jears ago a slight swelling appeared under 
the angle of the right scapula, and in the course of about four weeks it became 
slightly painful An incision revealed seropus and some improvement followed, 
but the cough accompanied by v'omiting persisted as before At last the expectora- 
tion became fetid, and the house phisician, while searching for tubercle 
detected booklets and fragments of a cj'st wall A diagnosis of gangrene o t e 
right lung was made, caused by invasion with the echinococci, and the patient was 
transferred to St Mark’s Hospital for operation He was first seen bj”^ Dr 
on Nov 22, 1897 Examination revealed a tall, emaciated man with a flat thorax 
which expanded sjnimetncallj' The left lung was normal, but on the risit st^^, 
anteriorly and below, there were tympanitic sounds and also rales ^ 
tion Posteriorly and below, there was slight dulness Corresponding y, ron 
breathing and rales were heard The heart was normal The pulse rate 
the temperature 100 5 F The patient suffered intensely under vehement 
spells, especiallj m the morning, which w'ere alvvaj^s followed by expectora 
a most offensive odor Sometimes there was dyspnea and also hemopys^^^^^ 
sputum amounted to about 200 cc in twenty -four hours an 
abundance of pus, also fibers of the characteristic alveolar type, pigmen 
crystals, disintegrated blood corpuscles, phosphate crystals, strep oc 
leptothrix No tubercle bacilli, booklets or cyst fragments were ^jory 

the patient expectorated little, the dulness was not pronounced, an On 

sounds were less audible than in the morning after copious expec 
November 24, pneumotoray was performed, chloroform anesthesia ein^^ 
incision reaching from the midaxillary line to the transverse \fter 

dorsal vertebra was made The fifth, sixth and seventh ribs were r ^^^ 
a portion of the soft tissues, also the costal pleura, was remo 

— A '^1 I'^SS (No'v 

69 Beck, Carl Echinococcus of the Lungs, J A M 

1898 
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collapsed slightlj but soon assumed its former expansion The edges ot the caMtj 
being \\ell protected with sterile gauze, a strong aspirating needle was pushed 
lorward into the center of the exposed area wdiich jielded onlj blood After 
various attempts in this direction were made in \am, the stilet tip of the Paquelin 
cauter^ was introduced carefulh into the center ot tlie exposed area After a 
little o^er 1 inch of the lung tissue had been perforated, a stream of rust-colored 
pus of a most offensne odor escaped with a loud noise, and at the same time the 
patient collapsed A sponge was quickb forced into the opening, and under 
artificial respiration and energetic stimulation, the patient rallied On the follow- 
ing daj the caritj was carefulh washed, and much pus and detritus were 
discharged The drainage was copious during the next four weeks, but repeated 
microscopic examinations repealed nothing extraordinarj During the first week 
after operation, the temperature \aried between 99 and 101 F, while the pulse 
ranged from 90 to 100 The patient slept but little, and was tortured bj coughing 
spells As it seemed that there w as some retention, probablj due to the irregularitj 
of the draining canal. Dr Beck introduced a finger into the caMtj, dilating it 
thorough!} There was a discharge of a large amount of bloody pus, and b} 
■Molent coughing, a thick membrane, rolled together like a cigaret was expelled 
This proied to be a piece of a cist w'all The patient now improied steadily, and 
the discharge lost its odor and became much less The tube was discarded on 
Februan 6, and the wound was healed on Februari 21 He was oischarged 
cured on July 20, 1898 

Suiiimary — An Austrian, aged 38, had an attack of pleuns} six lears before 
admission to the hospital, with cough and hemoptisis He was treated for 
tuberculosis Hooklets were discoiered in the sputum Suppuration of the cist 
ensued Recoi er} follow ed pneumotomi and remoi al of the w all of tlie ci st 

Chow'x’s C\se"o (1901) — A man, aged 56, an Icelander, had Ined in 
Winnipeg and Hlanitoba There was a long period of expectoration and collapsed 
daughter c}sts were expectorated for months 

Sumniaiy — The report of this case is not aiailable in tlie literature except in 
this brief form m L}on’s report 

Gi\’s CiSEii (1901) — Angelo, T, a barber, aged 25, born in Itah had been 
m America four }ears He was first seen on Jan 10, 1901 He was alwa}S 
ailing up to his fourteenth }ear, with coughing, feier and general weakness He 
was then fairh well until he was 23, when he was operated on in tlie Boston Cit} 
Hospital for “drops} ” The scar showed that he had had a median laparotomi 
He gaie a histoiw of slight attacks of hemopt}sis and more or less pain constant!} 
Ill the dorsal region About Dec 1, 1900, he became quite ill, had much cough 
with blood-streaked expectoration, was weak, and had anorexia, marked debilit}, 
chills and feier, and pain in the lower right side of tlie chest Plnsical examination 
showed much prostration, and moderate emaciation There was a dusk} pallor of 
the face The temperature w as 100 8 F , the pulse rate 98 and respirators rate 30 
There were diminished respiration and crepitant and subcrepitant rales with slight 
dulness at the base of the right lung Small mucous rales and crackling were 
present at both apexes There was sinking in of the supraclaiicular spaces 
The patient apparent!} then had pneumonia of the right lower lobe, but reco^ered 

/O Chown, H H Case Report, personal communication of Lson’s irom 
Chown, 1901 

71 Ga\ W F Echinococcus of Li\er with Perforation Into the Luntrs and 
Bronchi, Boston M & S J 144 492, 1901 
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by the end of January, 1901, so as to be up and about The lower part of the 

right lung cleared leaving the other portions as before At this time the liver 

was found to be painful and graduallj enlarging On Itlarch 1, he had several 
attacks of hcmoptNsis w-ith much cough Hemorrhage ceased in a few days, and 
and the sputum became viscid and wdnte The lung show'ed a multiplicity of rales 
of all kinds He was thought to have pulmonarr tuberculosis The liver show'cd 
uniform enlargement Abdominal tjmpanitcs was present He had fever, and 
much pain on coughing The feces were das -colored, fetid and pastv There was 
no jaundice Theie was a peculiar pallor which could be called duskj He had an 
anxious expression, with pinched features and cold sweats The sMuptoms con- 
tinued for about one w'cek, and on March 13 had reached the maximuin On 
March 14, he had several ^omltlng spells, the matter ejected being bright \ellow, 
suggesting bile The expectoration became more copious and a bright orange, and 
m a few’ dajs the temperature declined to 99 F The breathing became less 
labored The hver w’as soft and decreasing m size, and the general condition 
slow'h improved A diagnosis of perforation from the hver into the lungs and 
bronchial tube was made, but the underljnig pathologic process was not under- 
stood until a small fragment of wdnte h^almc material was found in the sputum 
suggesting h 3 clatid A search of the sputum claih soon rerealed an entire evst 
about the size of a pigeon's egg The expectoration of cjsts then became more 
common and from one to ten a da\, ranging m size from that of a pea to that 
of a pigeon’s egg, w'crc expectorated The material was examined by Dr F B 
Mallorr, pathologist at the Boston CiU Hospital, who found the characteristic 
laminated membrane, daughter cysts and scohccs The orange color wms due to 
crystals of hematoidin On April 10, the patient w’as said to be improving, the 
expectoration and dark orange color had disappeared The temperature remained 
99 F and pulse rate from 110 to 120 “This strain on the heart together with 
the general phthisical consolidation of the lungs will probabK prove the fatal factors 
in the case ” 


Siintiiiaiv — All Italian, aged 35, had been in America four ^ears The case 
w'as reported bj’ the author as one of “echinococcus of liver with perforation into 
the lungs and bronchi ’’ A study of this case report suggests multiple infestations 
involving the lungs and the Iner 

Stoxe’s Case"- (1903) — An Armenian w'ho had been in the United 
seven lears, for ten weeks had had progressive loss ot strength and W’eight 
suffered with pain m the epigastrium After tw'O weeks of suffering le 
stop work There was fever, but no chills For three w'eeks epigastic 
very severe, and weakness and emaciation progressed rapidly He 
emaciated and pale, and was sweating profusely The sderae s 
slight jellow tinge There wms no leiikoci tosis There was some ' 
unne The heart was normal except for w'eak sounds The left lung was 
The lower right side of the chest was bulging There was flatness fourth 

nb m front to four fingerbreadths below' the costal margin Be ow 
interspace in front and the midscapular line m the back, 
fremitus and respiratory murmur Below the ribs, extending near j to ^ 
w'as a com ex bulging tumor On respiration, there w'us a palpa ® fluctiw- 
a loud friction rub over the outer part of the tumor There was ou ^ 

tion o\er the tumor The right side of the back showed do ness 
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below the angle ot the scapula quickh becoming flat Respiration and tremitus 
were diminished and lost below the angle ot the scapula Abo\e the dulness 
respiration was harsh but of diminished intensitj 

Operation was performed b} Dr C B Porter An incision was made parallel 
to the costal margin o\er the tumor At a depth ot 2 inches in the Iner a c\st 
was found containing about 4 parts ot purulent mater’al There were raan_ 
daughter cjsts \ arming in size from that of a pea to 2 inches in diameter The 
caiitv was packed witli gauze because of hemorrhage The patient ciea rather 
suddenh on tlie fourth daj 

Autopsi on Dec 13, 1902 showed the li\er to be about normal in size In 
the right lobe there was a large irregular ca\iti probabK 15 cm in diameter 
with a rough, irregular lining composed chieflj of a patch\ lajer from 2 to 3 mm 
thick, of a dirt\ greenish-gra\ , somewhat friable granular material Adherent 
to this in places were plaques and patches of dense but triable dirtj grasish 



opaque, tough substance from 2 to 3 mm thick and not easih remoted iroin the 
lining of the catiU In places the lining resembled mucous membrane of the 
gall ducts, and these areas are apparentlj continuous with the hepatic ducts The 
diaphragm was adherent to the Iner and formed probabK a part of the wall oi 
the catitj The lining of the catits seemed to be separated irom the Iner sub- 
stance b> a thin lacer ot connecti\e tissue 

In each lung c\stic structures were lound in the midst ot the pulnionar\ tissue 
w Inch bulged outw ardh beneath the pleura \\ here the\ bulged the most thei 
had a graMsh translucent wall apparenth formed b\ little more than the pleura 
In the median lobe oi the right lung there was a cestic structure 3 cm in 
diameter In the lower lobe of this lung there was a c\st 7 cm in diameter 
The upper lobe ot the leit lung contained a c\ st 4 5 cm and near tins there 
was a collapsed c\stic structure 3 cm in diameter The lover lobe oi the leit 
lung showed a multilocular c\stic structure 6 cm in diameter and also two c\sts 
la and 1 cm in diameter These were fillea v ith a clear flu d and possessed a 
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white gelatinous lining 1 mm thick This was readily removable, leaving a 
smooth surface apparently formed by a mass of connective tissue Sections of 
the wall of the c} sts in the left lung showed a chitinous layer with brood capsules 
containing scolices 

Summaiy — An Aimenian, who had been m the United States seven years, 
piesented no pulmonary sjmptoms He w^as operated on for a large cyst of the 
hv^er and died on the fourth day after operation Seven pulmonary cysts scattered 
throughout the lungs except the right upper lobe w'cre found at autopsy Scolices 
weie found upon microscopic examination (fig 15) 

Gurlee’s C \se -- (1905) — ^Lizzie P , aged 27, a native of Italy, came to the 
United States in 1904 She w'as admitted to the Cook County Hospital on April 2, 
1905 She had a cough for four months, pain m the chest and abundant expec- 



toration, which at times had been bloody She had had nausea and vomit g 
had lost 40 pounds (18 1 Kg) a 

Examination revealed an emaciated woman wdio could not speav 
whisper There was dulness from the right border of the sternum ^ 
fourths inch beyond the left nipple There was a long, loud, roug , sys o i 
at the apex and a loud systolic murmur over the pulmonic area ^ 

Dulness existed anteriorly and posteriorly over the jeft lung 

lung, and there was some dulness posteriorly over the upper o e o 
Low down posteriorly just to the right of the vertebral co Moist raks 

area about the size of the palm with somew'hat tympanitic ^ mucous 

and bronchial breathing were heard over the right upper o e an 
rales over the middle lobe There was bronchial breathing over ^ pulmonaO 
left lung with a few moist rales in the left axilla A The cough 

tuberculosis was made and confirmed by examination of t e There 

was violent, and there was a large quantity of purulent spu 
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Siiiiiiii'in — \ uoiiini nud 27 , \ intui. ot Itilv, who li ul lutn in tlu. Lmted 
Stitts ihcnt oiu \tir, hid nuiltiiili. ewtv thronuhmit liolh hnutv, jirolnlilv orinnnt- 
init iroin i i\vt in tlu iiKht inruk uhuh hid rniitiirtd into the lilood sirciin 
ffiR KO 

Si N\ V C \vi "* (100^) — \ 111111 , hum in Gittn, tunc to the 'Uniti.d btntcs 
ihout five \tnrs before e\ iiniintion Six \eirs jnevimish he coinpl lined of ncutc 
slurp pun, which he referred to the kit sale ind npiicr sctrinent of the Imiif 
Since then he Ind Ind oce ision il ehnienltv in hrenthnuj md nttnehs of conehing: 
His Rciieral condition on idinission was fui 1 here was a distinct, well defined 
difliise area of dnlness over the left side and tlic upper pirt of the Inng: The 
hre itli sounds were feeble on the left side, with bionchnl breathincf in the area 
of dnlncss Aspiration was attempted m the centei of the dull area, with negative 
results On the night of the da> on which aspiration was performed, the patient 
Ind a violent attick of coughing and raised pints or 1 quart of fluid On 
microscopic examination, ccliinococciis booklets and scohccs were found The 
rupture of the cyst was followed hv a violent reaction, from which he graduallv 
recovered Expectoration became less and less, and instead of dnlncss there was 
resonance on percussion A number of days after the spontaneous rupture of the 
cjst there was vesicular breathing 
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Siimmoiv — A man, a native of Greece, with sjmptoms of six j ears’ duration 
had pain, cough and difficult} in breathing There was spontaneous rupture of 
the cyst in the left lung into the bronchia! tree following a negative aspiration 
Hooklets and scolices were found m the sputum 

Garkett’s C\se"‘ (1906) — L S, a colored woman, aged 46, a native of 
Worcester Count}, !Mar\land, \\as admitted to the State Asylum on Feb 19, 
1889, for treatment for mamc-deiiressive psychosis Hei general health was 
excellent for twehe }ears, when attacks of svneope developed which were followed 
by more or less stupor lasting se\era! days Tlicse attacks were evidently nephritic, 
as the urine contained Inalmc and granular casts m abundance There i\as 
marked arteriosclerosis She soon impro\cd, and remained in fairly good health 
until the final illness On April 16, 1906, after a few davs of apparent malaise 
and indisposition, she began to have a mild diarrhea accompanied by nausea, 
vomiting and slight fe^er On May 2, she had “a chill followed bv fever of 104 F ’ 
A.t this time cough was first noted 

Plnsical examination revealed dulness oier a limited area of the right middle 
lobe, postcriorh, w'lth coarse rales A septic temperature persisted There was 
rapid loss of w’cight The sputum was swallowed, and only once could it be 
examined No tubercle bacilli w'crc found, but elastic tissue were present She 
died on I^fa} 27, of what was thought to be pulnionar} tuberculosis 

Autops} showed a cavity the size of a hens egg iii the upper portion of the 
middle lobe of the riglit lung, posteriorly It was surrounded b} a thick wall, 
and contained dark biowii llind not unlike thin, dirt\ pus The cavih communicated 
with a bronchus The c}st contained the same !a}ers as described in the c}st 
of the liver In the center of the right lobe of the liver there w'as a evst about 
the size of a fist It contained yellowish, granular semisolid, caseous materia 
resembling curd The wmils of the c}st w'ere thick, sharply defined and easn 
separated into tw'O distinct la}crs, the inner one being thicker, gra}ish and fria e 
The outer la}er w'as thinner, darker and much tougher Hooklets w'ere foun 
m each cyst No scolices w'erc demonstrated 

Sm/iiiiaiv — A woman, aged 46, native born, an inmate of the state asylum fo 
about seventeen lears, had a Indatid cyst of the right middle lobe wdiich 
into a bronchus It was infected A, quiescent cist w'as found m the hier 
diagnosis was made at autopsy Hooklets w'cre found 

Smith and Harrington’s Case"® (1907) — Alexander Auchals, aged 
born and had ahvays lived in southern Russia About six weeks before en < 
to the hospital, on Dec 12 1906, he had left liome and sailed for meric 
that time he felt well On the ninth day of his journei, he began to ^ 

the right side of the chest, which had been fairly constant since them ^pugii 

had no relation to deep breathing, cough, position or food There 
or sputum On admission to the hospital, the whole right side o t e c ^ 
flat throughout The heart was 1)4 inches outside the left nipple ine 
dulness w as 2 inches below the costal margin The interspaces m le 
of the chest w^ere noticeably obliterated There was bronchia chest 

suggestion of amphoric note with bronchophony over the right si e 
Aspiration was performed on this side just below the angle o le 

74 Garrett, R E Hvdaticl Cvsts with a Report of a Case, ifarj 

49 373 1906 ^ Cist of 

75 Smith, W H, and Harrington, F B A Case of ennoe 
Lung and Abdomen Boston M & S J 156 180, 1907 
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idiiiiss]iiii 111 hid IiM d 111 1.11 111 tin tiiitoiii'ii luditid in is iti \i\\ /s d itid 

1 -' iiiiiti itiiiti n\( did tin ij.t \ oi t! i In irl ihoiit !' iiilIii s to llu riulu ut 
tliL sttriiiiiii ill! lilt sidi 111 ihi tinu IS > i\i i iiinijiUti t\jiicd jiutun m 

ludriijiiii iiiiintlior IN Ojuritii.ii w is jurioriiKd mi \I i\ s I'di uitli tlii jiitRiil 

tinikr (.tliir iiksiIhmi K, mimi oi J iiuhts m ilu siMutli iiirlitli iiid iiiiith 

rills 111 lilt Ill’ll 1 ' ill ir\ lull w is dmii \ tmisidirilik iiiimiiit oi si.niiiuinikiit (hud 
iiid 1 1 irj < iiuiiiliir 111 iiilli|isi(l md di id Inditid i\'ts tOftitlur with two hrui. 
iioriii d OIKS vin oht mud llu tot il miouiit ol (hud lud t\sts uk isuri.d s 
(juirts \ stcoiid ojiiritioii w is jiirioruud mi ]iiik 10 when i jiortimi oi the 
tiiith rih tlosi lo the sjiiiK V IS lesietid to j;i\i hittir ilr nil n’t Ihiri was u 
liroiKliojik iir il fistiil i IK w is discliirnid on Sijitiuihir 17 lU stdl hid two 
dr nil igt tiibis m the jikiii il eieite whieh lukl dioiit r oiiiiees and coniinunie ited 
with I hronehiis IK w is list In ird troin he letter on \o\einher 17 when lie 
rejiorted th it he w is nuieh iinjirmed, and tint his b lek w is iie irU he ded 

Siiiiniii/M — \ emith ijied IS i nitne of \ew 7ealand hid i cmitth jiuriileiit 
e\i>ecloration, md ji mi in the side I he jneture was tint of ludrojineimiothor i\ 

I hree «iiurts of jiuriikiit fluid md luditid c\sts w is obt lined Irom the lell side of 
the chest In thoraeotome 1 he ji.ittent was well on his was to reemere when 
last he ml from Ibis case jirobibh represents a piihnoinre hedotid cest ruptur- 
ing into the jileur i md into i bronehus, such as has been described In Deee 

Rami t and Kmi uson s Casi " (1915) — \ Greek, age not guen about 
one month before coming under obsereation hid been in a hosjntal for one week 

7G M icDonald, G C lUdatid Cjst of 1 eft Lung, Pacific M J 5G 271 1913 

77 Ramey and Kmerson I'chmococcus Disc isc Rejiort of a C ise, \\ est A[ 
Rev 20 171, 1915 
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and had been treated for pneumonia Following this he coughed a great deal 
and did not regain strength The historj'- was unsatisfactory, because he could 
not speak English Physical examination re\caled absolute dulness over the lower 
posterior area of the right side of the chest The breath sounds ivere absent A 
soft, tense tumor, transmitting a peculiar thrill on percussion, w'as present in the 
right epigastric region, apparently closely associated wnth the liver The palpable 
portion of the tumor w’as as large as an orange Frcciuent examinations of the 
sputum were negative for hydatid elements Exploratory aspiration of the chest 
re^ealed a spurt of reddish-yellow fluid, then sudden complete stoppage of the 
flow Examination of this fluid did not show' booklets or other evidence of echino- 
coccus disease The patient rapidly' became emaciated, and had an irregular 
temperature Operation consisted of the resection of three ribs There escaped 
from the w ound about 2 quarts of y cllow' pus tinged w ith red and about 200 cysts 
of all sizes, from that of a pinhead to that of an orange All of the evsts were 
brow'n collapsed and dead In the subsequent drainage, other cysts appeared 
from time to time About one month later, a large c\st of the liver w'as treated 
bv operation Drainage from the w'ound in the chest persisted for several months 
It finally healed, but after a period of two or three months broke open and dis- 
charged He then had a cough, lost flesh and expectorated tw'O or three collapsed 
brown cysts The patient disappeared from obser\ation Scolices and booklets 
were recovered m the fluid from the cyst of the Iner 

SitJumaiy — A Greek, age not known, had a cough A cyst w'lth daughter cyst 
formation was found m the right pleural cavitv, probably originating in the lung 
It was complicated by' a hydatid cyst of the liver He was impro\ed by operation, 
but disappeared from observation while drainage still persisted from the right side 
ot the chest 

Davis txo Balbom’s C\sc "s (1917) — A man, aged 27, an Italian fruit pedler, 
had been m this country fifteen vears He w'as admitted to the Massachusetts 
General Hospital on Aug 23, 1912 (service of R I Lee) In 1910, he ha a 
a se^e^e attack of pain in the epigastric region At this time he first notice a 
small sw'elhng below the ensiform appendix Similar attacks at irregular interw^^ 
had persisted After two years the swelling had increased perceptibly 
tion revealed just below the ensiform appendix a prominence which mo\e 
the liver on respiration It w'as smooth, doughy and tender The mass 
sprang from the left side of the liver The right side of the chest was ^ u 
the inferior angle of the scapula dow'ii, and an occasional dry crac e was 
Roentgen examination gave negative results The Wassermann 
tne The wdiite blood count rvas 5,200, eosinophils 1 per cent an 
80 per cent The coagulation time was seven minutes A diagnosis o ec 
disease of the liver w'as made and operation suggested r^^/'^”yas^operated 

remain m the hospital longer than one week On Jan 22, 19 , le '' 
on by Dr R P Bonnelh m a private hospital A huge cyst o ^ 
removed at operation Scohees were found On January 26 an ^ Jjgj-ijarged lu 
echinococcus-fixation test gave strongly positive results He vvas 
good condition on February 13 The sinus on the right seeme o ot 

w ith the chest cavity, for when the patient coughed there was an a 

air through the sinus During the rest of February and J arci bacilh 

dry' cough and evening fever The sputum w'as negative or 

78 Davis, L, and Balbom, G M A Study of Twentv-Nme Cases of E 
coccus Disease, Boston M & S J 176 826, 1917 
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tlu 111 mimill.irs hiu in frmu tn llu iiiurmr mtik m tlu st uml i IkIiiiuI I Iu 
hn ith sniiiids win dut mt md llu \ni i| nsniiiiui iiiiiih diniiiiislud in this loc ihts 
llu rmiiukd uni nt diiliuss nul tlu sh nu nt llu sh idnw nii tlu rmiitni-iiocir iiii 
stimusiKl 1 (\st Oil isjiiritinii ^10 It nt tk ir hiiiiud (hiid w.is nht.mud whuh 
nil t \ tiiiiii itmii shnvstd slmht fruts oi ilhiiiiiin md in iiu Iu ids md IionUkts oi 
tlu ithiiuiiniiiis llu whilt hliuid nils mimhtrtd 2\0f)f) with im iiurcTsc in the 
tnsniniiliils Ojitr ilinii w is iHrlnrimd md i 1 ir«t t\st of uhniit 12 niinct ctpiciti 
wis ritlui i isih niiuittd II tniitnmd iiiiin diiuihtir i\sts J lu rcc(.i\tn was 
slow .md ttdiniis, 1 siiiii<; ptrsisimi; for i Inmj tniu 

^iitniiian — \ M utdoiii m \niith im<I IS’, siifitnd tmiii jiuiii toiiuh mil short- 
iitss ot hn Uh llu di it’iiosis w is inidi 1)\ m tviilnntors nsiunlioii J he c\st 
ms rciiiottd it o|uriti(iii, md ntn\tr\ skmh lollowtd 

Cl arkvon’s C\si 2*' ('1917) — \n Itiliin urciI 25, i lihorcr, was adnnUccl to 
the loroiito Gciitr il Ilosiutil on hint 15, 191-1, coiniihiiiiiiK ot sctcrc jnm on the 
kft side, which w is inert. istd on cnimhiiiir llu onset was siuldcn iccoiiipanicd b\ 
a chill The teinptriture w is 102 F .md rtspiratorj rate 30, the sputum w.is 
hlooilt J he left side of tlu chest w.is deculcdh hiiiitcil in its moecnients Pos- 
teriorh, there w.is an ire i of .ihsolute thihitss aho\c this rcl.atuc duincss as high 
IS the fifth rih llu heart w is slighth disphced toward the right Fluoroscopic 
examm.itioii showed the diaphragm on the left side to be 8 cm below the nipple, 
mimosahk hut arched The costoiihrciiic angle was clear In the middle portion 
of the left lung toward the base w is a large roniidcd sliadow' winch did not mote 
on respiration On exploratory aspiration, 25 cc of clear fluid under slight 
pressure was oht.uiicd This was of low siiccific gratity and contained a slight 
trace of albumin but no booklets The patient’s general condition improted, and 
he was discharged from the hospital and lost from obscrtation until April 6, 1915 
when he was admitted to the Western Hospital suffering from a troublesome cough 
with abundant sputum He also had a severe pain in the left side The tempera- 
ture was 102 4 F , pulse rate 100 and the respiratory rate 28 The left side of the 
chest showed restricted movements, and vocal fremitus was absent oaer the lower 
quadrant There was absolute duliiess below' the seventh nb anteriorly Pos- 
teriorly', beginning at the level of the seventh dorsal spine, there W'as relatne 
dulness In the lower part of the chest there was absolute flatness 0\er the 
dull area, the breath sounds were absent Exploratory puncture m the ninth space. 


79 Clarkson, F A Hrclatid of Lung, Canad Pract & Rev 42 139, 1917 
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posterior axillary line, jiclded 1 cc of fecal-smelling pus in which staphylococci 
and bacilli were found The \shite blood cells numbered 9,000, with few eosinophils 
Operation was performed on ilaj 6 A portion of the ninth rib was resected in 
the posterior axillary line At some distance from the surface was found a cyst 
full of foul-smelling pus, the walls of wdnch w'ere thin and gelatinous in structure 
and came away hv piecemeal No daughter cysts were obtained The patient 
tolerated the operation poorh He coughed up large c|uantities of the cyst wall 
and quantities of blood A.fter a rather slow convalescence, he made a good 
reco^ er\ 

Stimiiia)v — A,n Italian, aged 25, a laborer, presented the symptoms of pain in 
the left side, cough and hemoptysis Ihe onset was acute The diagnosis W'as 
made b\ roentgen examination and aspiration on the first admission to the hospital, 
but he was discharged and disappeared from obscriation for nearh a year, when 
he returned with a sunpurating c\st which w^as cured by operation 



Fig 17 (Crow's case) — Large solitary cyst in the right middle 

r c first seen 

Crow s Case so (1918) —A farmer, aged 30, a native with 

in November, 1917 His present trouble began five years e ore a ^ 
intermittent pains in the upper part of the back Six months ater 
gastric distress and indigestion The results of the physica ex of 

negative The patient was referred to the x-ray laboratory lower right 

the gastro-intestmal tract A roentgenogram revealed a cys m 
side of the chest, 12 by 10 cm Operation was perforniec on the 

the patient under nitrous oxide anesthesia A trap door "When the 

anterior right side of the chest over the third, fourth an tissue was seen 

pleura was opened, the lung was collapsed, and enibedde as attached 

the w hite, glistening, mother-of-pearl-like surface of the cy st dissected avva' 

to the pericardium and pleura The inner layer of the cys v 

. j j^ocntgcnol 5 

80 Crow L B Echinococcus Disease of the Lungs, Am J 
513, 1918 


run ! ii's—in n u in osis oi n \(, n/i 

iriim i1k oiiiir liluoii- Inn md wlitii fmd. liikd lliroiicli llii opcimiK wIilil 
I t tllltol tint l>ttr''t lll'l .lllnwid tin (nlltmt'' tci ‘.Jllll 111 tilt llu'-l (l\lt\ lilt 
iiMtx Will ''ponvtd \n ittiini>l w is in nk to iiiiioM sciuu ot tlit tnittr 

fihrniis liMi hut tin slulilisi ii utnin i»ii tin liiiir ciiisul ininiuliiti rLssuiDii <>) 
risim ilinii s(i tint tills itliiniit w is immii up 11 k t nit\ w is ptdud with f, m/t 
dipptd in 10 pir nut tniui ildiludi jKttiiii sulutimi 11 k wuimd w is tlostd 
lilt iiuiiitdi iti pi'sti'jH I itivi iiiu\ ill SI i lilt w IS \ir\ storiiu \ttir i itw dns 
tilt liiiiK hij» 111 to iNpiiid 1 oi two Wilks till pitiiiit hid a siptu tiiiipiritiiit 
llirit dns .liter upirilion In hid i pmnisi t \ ik( tm ilioii ot hrowiiish iiiiito- 
ininiliiit pus itcinuiuiin d h\ smn utiiks ot loimliiin; lit t;r iilti ill\ iiiipnni'' 
so tlint It till tiiiii ot this list Kpoit In hid iiioMrtd iiid w.is soon to kntt 
tilt hospitil ns nirtd 

Siiiiiiiiiti \ — \ ‘spiiiiiril 11 id '(I prisiiitid no puliuoii ii \ sMuptonis otiiir thin 
pun 111 tilt hick ot h\i \t ivs lUn ilioii lin <h lutiosis wns iiiidt tioiii rociUttii 
tNiniinitioii tnrt w n ippmnlh ohi iitud hi iiiKuiiiotnnii No rtiiort ot the 
iiiitrtiscopic tNniiun itioii \i is emn (fip 17) 

(ji \ssM\Ns (. \si S' (l‘>22) — \ woniin mtd k) .i ‘silx.ri in, w is idiintted to 
tilt Iiospit il on 111! (t l‘>22 I OI Lielit inonilis she Ind Ind htltlinm n iiist i ind 
loniitnii; ifttr mills \ dull iiion oi kss tontiiunnis iniii I itti (kitloptd in the 
rielit snk of tilt .ihdoiinn llnri w is i miss m tin nuht li\ pothomlrnt rti;ioii 
which w IS iiniooth md ttinkr It iiioiid with rtspir.ition 1 lit clmicil (linijniisis 
wns hidrops ot tht k illhl iddir RotiitKiii t\ iniin itioii showtd n niniis in the 
rmht In pcKlioiidrut rmioii, md tin rotiilutii dnnimsis w is tist oi tht Intr 
Opcritioii w IS ptrtoniitd on I iiiti in 17 whtn tlirtt tists of tht liitr were finmd 
The InrRtst wns dioul tht sue of i t,rijit{nut Iwo cists were rtinoied out 
Wtis pnektd with i;nu7t 1 lit pititiu died on Jnnnin Ih Postinorttin tsamiiintioii 
rtienkd two cists m the rinlit lowtr loht ol tht hum: md out tist in the left 
upper lobe 1 lit tists otttipitd ihout two thirds of tht him; 1 here were no 
puhnoiiin simptoms md no rotiUntn twmmitioii of the chest hid been mndt 

S'lmiuiiui — \ Sihtri in worn in n};td lO died follow iim oi>tr<ition for multiple 
cists of tilt hitr \t .lUtopsi, till) cists litre found m the right lower lobe nnd 
out Cl st m the left upper loht 

BiiiiOMs C\s] ' (1922) — \ \, aged 22 n Greek n farm linnd, had been m 
the United States fiit itnrs lit wns admitted to the outpatient department of the 
Massachusetts Geiitrnl Hospit d on Feb 17, 1917 llis chief complaints were 
cough, pam m the chest and blood m the sputum He had had a cough for two 
jears One and a half tears before admission, ifter slight exertion, he coughed 
up a teaspooiiful of bright reel blood About one tear before he coughed up one 
glassful of bright red blood He remained in bed for three mouths, and had bloodi 
sputum daih m streaks and clots He then resumed work, but cicri three or 
four weeks had a little bloods sputum One month before examination he coughed 
up one teaspooiiful of blood During the past one and a half tears the cough 
had been slight, mostlt m the morning He raised two or three teaspooiifuls of 
sputum during the course of the dat He felt well and was able to tvork without 
feeling tired He had a good appetite, but had lost some weight He had had no 
night sweats Three or four dats before admission he felt tired and was unable 
to work He had a true dull late the next etemiig and felt fetensh He also 
had some pam m the anterior right side of the chest on coughing 

81 Glassiuan, J Radiological Findings in a Case of Echinococcus Cist of the 
Lung and the Liier, J S. Rec 119 144, 1924 
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The chest was well developed, and expansion was equal There was dulness 
at the base of the right lung posteriori}^ and anteriorly, with diminished breath 
sounds and whispered voice from about one fingerbreadth from the angle of the 
scapula downward The abdomen was slightly tender over the liver, which was 
palpable The sputum was negative The blood smear w'as normal The Wasser- 
mann reaction wms negative The echinococcus fixation w'as negative Roentgen 
examination (by Dr G W I-Iolmes) showed a round tumor mass at the base of 
the right lung, about the sue of a grapefruit The lower border was mostly 
below the dome of the diaphragm This shadow did not move with ordinary 
respiration, but could be displaced somewhat with forced respiration It was 
of even density'^ throughout, and its borders were sharply defined 

Thoracotomv' was performed (bv Dr W Whittemore) The right seventh and 
eighth ribs were resected below the angle of the scapula The pleura was some- 
what thick, and there w'crc iiianv fine adhesions between the pleura, and a firm 



mass in the right lower lobe The mass was sutured to the pleura, an 
about 1 inch deep into the mass seemed to go through lung tissue n patient 
inserted Rj inch further, and a small amount of clear fluid form jissec- 

began to expectorate clear fluid through the nose and the t^'l°500 cc of 

tion into the mass opened a large cyst filled with clear fluid cigaret 

clear fluid was ev'acuated No small cysts or booklets were oun 

dram was introduced into the cavity -nation but no 

According to the pathologic report, there was chronic in aim 
evidence of echinococcus The patient was discharged on Jan , 
was clean and solidly healed He was leadmitted to the Oad a persistent 

and gave the following history Since leaving the hospita e m j. 3 ,sed a small 

cough, especially in the early morning and at night He ^ ^ Iiemor- 
amount of blood, sometimes bright but usually dark He a a 
rhage There had been dull pain in the lower right ^ ° became too 

been working on a farm up to ten months previously^ vv en ^veak 

sevmre for him to continue w'ork He had not lost vveig t. 



I'liiLurs—in !) 11 ID ns/s ni iai\g 


n7> 

L\niiiunUon of tlic tliori\ ‘'liowcd ‘>onK limit ittoii nt motion ol tin. i)i''C oi 
the riqhl Imifr ihtrt w is (hihuss from the steemh nU ilown on the nuUt s,tk 
of the Inch tMtmhiif; m the iionl to the fifth nli !lur< were ih-cnt t letilt 
ircimUis, chmimslKil to ilistnl wlnsiitrtd \oicc, \oi i! fremitus md iirntli sminds 
111 the nrti oi miiiiirid ri'-oiiiiiet On ^cpltmhir 24, mth the jiitieiit imdtr j' is- 
owceii UKsthtMi thorieotoim wis jurformulln rili rtscctmn (Dr WliilUmore) 
IIk him; w is ndluniU to the eostil jileitri \ 1 irjiL tumor miss jirescnted m 
tlie hine On ope nine into this, n proud to hi i I.irgc rjst, md i consider ihlc 
unonnt oi eleir flmd w.is e\.iuiited heecril I.irpe fragments of cest wall were 
rciiKned 1 he ea\it\ w is picked with mn/i md the v oiind closed Packmi; 
was remoeed on the fourth dn md on tlu lollowme dn\ the rcinmidir of the 
c\ si w is c\pelUd throiieh the opii itue wound In three weeks the incision was 
he lied and the pitunl hid m iiiievciitfiil eoin desccnce 

\ccordine to the pitliolo^ie riport, irrieiilir piecis oi the will of the c>st 
showed sniootli, pnrU white suri ices whiih hid in chstic consistenci Xo 
hooklets could he lound on iiesh e \ mini ition Sficroscopic c\annintion showed 
0 hmin ited meinhrane witliout lelhihr stnietiin J he eross md liisloloefe oppenr- 
aiicc was in c\cr\ w i\ consistent with tint ot m eehinococciis c\st 

Sninni/ni — \ Greek, leed 22, who hid heeii m the United States five \cars, 
liad snnptoms of couph .md p ini in the chest md hlood in the sputum of from one 
ard onc-hilt to two \ears durition 'I he e\st w is di lined .it the first oiicralion, 
but the c\st wall w is not reinoeed Shout Iwente-fme months Inter the c%st w ill 
was renioied at .i second in operition “scoliees or hooklets were not discoecred, 
hut the c\st wall hid the eliaracteristie ippeirmee ot i luditid c\st (fn; IS) 
B\i tom’s Css! 2" (1922) — P P i Greek, a^ed 25, a liliorcr m a cotton 
null, had Incd in the United Elites tor fue eeirs lie w is admitted to the out- 
patient department of the Mass leliusetts General Hospital on Sept 24 1919 IIis 
chief complaints were pain in the chest ind courIi with hlood in the sputum \houl 
two a ears heiorc idimssion he w is hit ou the rijeht side h> a piece oi iron which 
fell on him lie w is in a hospit il m oiiiigstr)w n, OIno, for four months \t 
this time he hcR.an to coiigli i grc.it de il, often raising hlooeh sputum lie iclt 
fairh well alter leasing the hospital, and the cough left him \hout sn months 
later, cough and hemopljsis icturncd, and the pain increased in the chest lie 
was unable to work for scien inontlis He sometimes had pain m the left side 
of the chest also He was well until the onset of the present illness He was 
a shepherd m Greece, and h id dogs associated w ith him 

Phjsical cNammation showed a well dc\ eloped chest, there was greater expan- 
sion on the left side than on the right The heart was normal m size and position 
The right side of the chest was dull below the spine of the scapula almost lo 
flatness wath rales and bronchial breathing It was dull in the axilla Tliere were 
rales m the lower half of the left fung w’lth some bronchial respiration Examina- 
tion of the blood showed white cells, 7,800, red cells, 7,396,000, hemoglobin, 100 
per cent, polymorphonuclears, 78 per cent, eosinophils, 5 per cent, mass cells, 
S per cent , lymphocytes, 5 5 per cent, and large mononuclears, 1 1 per cent The 
Wassermann reaction was negative The reaction to the cchmococcus-fixation 
test was stronglj positive The sputum w'as mucopurulent and was negative for 
booklets, fragments of membrane or tubercle bacilli Roentgen examination (by 
Dr G W Holmes) showed an area of increased density 4 cm m diameter m the 
left side of the chest below the fifth rib It was round and of even density, wath 
sharply defined borders When the position of the tube w'as changed overl>mg 
It, there was a ringhke shadow' of diminished density, w'hich changed its relation 
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suggesting a different plane to the dense shadow Neither shadow reached the 
periphery A similar, slightly larger process was seen in the right lung beloiv 
the fourth rib On Feb 16, 1920, a roentgenogram made following oxjgen inflation 
of the abdomen show’ed a distinct outline of the liver and the spleen They 
appeared to be normal m size and shape Just below' the lower margin of the 

liver there w'as a round, dense mass, which w'as apparcntlv connected bv a band 

of adhesions to the anteiior abdominal w'all 1 here w'as a ringlike shadow in 
the left kidnej, having all the appearance of an echimcoccous cyst The patient 

leccned nine locntgen treatments between Oct 3, 1919, and May 15, 1920, at 

from tw'o to four Avcek intervals There w'as no improvement m the svniptoms 
or change in the i oentgen observations nor ain change in the fixation test taken on 
three different occasions ^^'hen last seen in AIa\, 1920, he still complained of an 
irritative cough, occasionally blood-streaked sputum and pain in both sides of the 
chest and m the region of the left kidnc\ 



Sinniiiaiy — A Gieek, aged 25, a shepherd while m Gieece, ha een 

United States five 3 'ears The S3'mptonis presented w'ere pain m tie c e ’ 

and hemoptvsis The echinococcus-complement fixation test gave strong 

results There was roentgen evidence of hydatid cysts in the lower p^^ jjjere 

lungs, and in the left kidney and an intrapentoneal cyst below tie iv 

was no improvement followung roentgen therapy (fig 19) 

X T r* o French wonwiv 

Mills’ Case s 2 (1922) (Case of Dr A F Wagner)—) a r ^ 

aged 36, was found dead On Jan 21, 1922, postmortem examina 
hydatid cyst of the right ventricle of the heart, 5 cm m lame e 
t 3 'pical laminated C 3 St w'all There were no daughter cysts or ^Qur 

substance on the inner side of the low'er lobe of the right uiic, 
cy'sts the size of a w'alnut The left lung was normal 

- r Sm*o 

82 Mills, H W Hydatid Cysts of the Heart, with Report o 

G 3 'nec Obst 35 455, 1922 


run Lirs—in I) u II) cjs/s oi ia \c, i^i/^ 

I’wholomL (.wmiuUuiu (Di I’lUm aiul I)i /t.ikr) ‘-liowcd a loniukci proiiii- 
iKiiu akoiil A iMi in dnirntti nt tin. apiN of llic unlit \tntrick In tlic tuitci 
()l tin. \tntrKk the Tpit il poition u is ninowed h\ ii miss hiiifi in tlu aptN and 
liusliimr iiimaid and inw ud the smfue of tlie inliaaeiitriiiilni septum Section 
of this miss showed in old t\si S h\ 4 em \lt<iilud to its wall was i tinm])led 
tokled memhi me whieh was more oi less ti uisliieent 1 he e irdne tissue eoeerinn 
tlu c\st w is little iiioie thin the iiidociiduim I he left \entiiele w is oi norm d 
sire md w is not iiu ided In the c\st Muiosiopie e\mmiatioii ot i 'letion iron 
the w ill of tin e\st showed in eo-'iii-st iiiiimr ! iiieeol.ited iiiemhi me without mielti 
and outside this i filirous eoiiueetne tissue ctpsiile Miout this was i /one cl 
mtl mini itioii eoiitmiinn: i tew lonnd cells and me.it nnniiieis eu eosmopiiils .i" 1 
l\mplioe\tes 1 he di mnosis w is eeiiiiioeoeciis e\st ot the Ite irt 

SimiiiiiiM — \ I reiieh woiinii .med i6 was fonitd de id \l ,iutops\ a Inditid 
c\st w ’s lonnd in the imlil \entiiele md lout e\sts in the lowei p irt ot the rujlit 



Fig 20 (iilills’ case) — Cjst in the wall of the light ventricle, multiple casts 
111 the right lung 

lung Dr Wagner beheecd that the process started m the lungs and mtccted 
the heart by direct extension Dr Mills believed that the cyst ot the heart was 
primary and the pulmonary cysts metastatic from it As theie was no evidence 
that the cyst m the right ventricle had ruptured into the blood stream, it is probable 
that the cysts of the lung and that of the heart had no immediate connection, 
all being the result of a primary infestation (fig 20) 

CuRRAX AND Locke’s Case 5= (1924) — A Syrian woman, aged 52, w'as admitted 
to the hospital on Dec 12, 1918 She had been in the hospital on three previous 
occasions, first m 1909, when she was operated on for a large cjst of the liver 
containing innumerable daughter cysts The second admission was four months 
later because of a discharging sinus The third admission W'as m 1912, during 
which hospitalization she was operated on for recurrence of the h 3 datid cyst of 
the liver Phjsical examination at the time of the present entry show-ed a well 
developed and well nourished woman bung m bed, with great dyspnea and pain 
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The chest ^^as flat on the right side to the third rib posteriorl}'^ with absence 
of breath sounds There was slight bulging of the interspaces over this area The 
abdomen was greatlj distended There was a large, hard tumor on the right, 
extending from the costal margin to the crest of the ilium and to the navel in 
the midline There w'as also a smaller mass hanging just below the ensiform 
appendix Aspiration was performed on the right side of the chest through the 
eighth interspace in the midscapular line, and “a small amount of straiv-colored 
fluid was wuthdrawn The needle was passed m difterent directions and small cysts 
were apparenth tapped with the withdraw'al of a small amount of fluid from each 
one” Microscopic examination showed echinococcus remnants in the fluid This 
patient died following laparotonw, at which time a large cavity containing a great 
quantity of purulent, foul-smclhng fluid was drained 

Snmmmx — A Syrian woman, aged 52, had multiple recurrent hjdatid cysts of 
the h\er She died following an operation for a secondarily infected abdominal 
c}st The location of the mtrathoracic c\st is not clear from the description It 
ma^ ha^e been pleural or pulmonary 

CvMPnnLL’s Case S3 (1925) — A Russian woman, age not given, gave a history 
of gradually increasing thoracic distress Examination show ed w'ell marked dulness 
over the low'er left side of the chest w'lth increased temperature, sw'eatmg and 
rapid pulse The heart was displaced to the right Exploratory aspiration 
reco\ered white, glairy pus Rib resection reco%cred thousands of cysts varying 
from minute to very large In the postoperative treatment, the patient was able 
to taste antiseptics used m irrigating The cavity was slow' in obliterating, and 
extensne resection of seseral ribs w'as done m order to decrease its size Follow- 
ing the use of injections of bismuth paste, the patient made a fairly rapid recovery 
She W'as again seen in September, 1919, w'lth symptoms referable to the upper 
right portion of the abdomen The roentgenogram show'ed a high diaphragm on 
the right side An operation revealed a cyst below' the liver, w'hich after haviOo 
been walled off with packing for nine days w'as enucleated at a second stage 
proved to be an echinococcus cyst 

Suvunaiy — A Russian woman, age unknow'u, had a suppurating ej'st 
left pleural cavity containing daughter cysts A pleurobronchial communica 
existed It is not possible to determine from a study' of the record w'het er or 
this cyst had a pulmonary origin , 

Magatii’s Case 4 (1921) —A man, age not given, was born m ^ 
States, but had traveled in the Philippine Islands in 1908 ^He heve in i e 
Sinnniaiy — No details of this case report are available, as far as 
mine The brief summary as given appears in a table of the Mayo 
reported by Magath , 

Ortenberg’s Case ‘>'4 (1929) — A girl, aged 12, w'as first seen during 
1923 She complained of pain m the lower right part of the c es ’ ® 3 

a dry cough The temperature was 102 F , the pulse was rapi 
hectic flush of the cheeks No cyanosis or respiratory distress 
base of the right lung posteriorly there w'as a rounded area o u ness 
the breath sounds w'ere absent and the tactile and vocal fremitus w nearly 

Ten days after the onset of the illness, during a fit of coughing,^ le ^ 
choked in the act of bringing up a large quantity of fluid haiidker- 

according to the father’s description, looked like a “small white, cn 

83 Campbell, C C Echinococcus, Journal-Lancet 

84 Ortenberg, S Case Report, Canad M A J 20 - , 



PHILLIPS— in n II IP os/s ni lvwg 


1377 


chief” 'Ihc ciitiic cNpccloration was itluticcl in a Uiinhkr and consisted of 5 
or 6 ounces of i clouds . mler\ niiid holding i parlialh suspended, Relatinous 
sediment ^ficroscopic cxsmmilion showed an ihniKhncc of piis, ehstic fibers 
nnd aheolar cells, Inil no hoohlets 1 here w is no heinoptssis \ puncture of 
the pleura was unprodnctise kess thin two sears iieforc this tune, two echino- 
coccus cssts had been cnucleiled from the Inei Ihe uientp;eno}xram of the ehest 
three dass after spontaneous e\ icualion of the e\st showed tlie juesence of a dense 
homogeneous shadow about the sue and shape of an orange, in the outer portion 
of the base of the right lung The mirgins of this shadow were con\e\ .ind fairK 
dcfimteh outlined Ihe patient made a i ipid recosers following the \oiuica 
Roentgen studs fise weeks later showed i Miiall area of mottling in the middle 
portion of the lower third of the right side of the ehest \. third roentgenogram 
taken on Dec 5 1928, fise scars later, showed a eirciilar shadow of calcificatioi 
in the base of the light lung in the ninth inteis\ ice 

Siiiiniw)\ — \ girl, aged 12, gase the lustori of haiing had two echinococcus 
cssts remosed from the lisei Ihe esst in the lower part of the right lung was 
expectorated and apparciitls cured lis di iin ige through the hronchi il tree 

'iBSlR\Cr or DISCLSSIOR 

Dk How skii Luiixtiisi^ New ork I base had one case of hsdatid cssts 
of the lung m a person who svas horn in Greece and s\ho left there wdicii he ssas 
sers soung, ssliich brings up the point that is mentioned m the literature that 
people who base hsdatid cjsts base had tlicni from carls childhood, and that 
such cssts base neser been prosed to base dcs eloped after adult life Ihis mis 
or mas^ not he so I should like to kiiosv sshat sonic of the other incmhcrs ol 
the societs think about it In case there is a calcification of the stall of the csst I 
tlimk that It IS <i good thing to disidc the opcrition into tsvo parts, first, take 
out the contents of the cs'st and latci, in ui aseptic field, get rid of as much of 
the calcified capsule as possible 

I base drawn out the ssaill of wdiat must line Iicen enormous hjditid cssts 
from behind the steinum of one patient, taking out one piece es’cry day or tsvo 
until all had been extracted The patient rccos'cred He came to the hospital 
svith onlj a small sinus and nothing to indicate svliat had been the cause, it svas 
not until I began taking out svhat I thought to be plates of bone that the diagnosis 
ss'as made I enlarged the incision and remos'cd larger fiat fragments The 
curved form of the plates ssaas suggestive This operation ssas performed long 
ago, and no roentgenographic study ss'as possible 

Dr Wins Mevru, Nesv York We are indebted to Dr Phillips for bunging 
this interesting subject before us Cases of hydatid cysts are comparatively rare 
in our country They are frequently found abroad, for instance on the southern 
shore of the Baltic Sea, a great many cases have been reported from there 
I remember a case in 1882, ssdien I svas a young doctor at the Surgical Clinic 
of Bosven University, in which the pleural cavity svas punctured because all the 
symptoms pointed to an empyema A yellosvish, rather turbid fluid svas obtained 
The patient svas operated on Much to our surprise, a great many larger and 
smaller cysts floated m the fluid It svas a hydatid cyst of the pleural cavity 
The patient recovered 

In the middle of the nineties, I did a catheterization of the ureters in a man 
The report on the obtained specimens came back from the pathologic laboratory 
svith the emphasis that echinococcus hooks svere found In this case sve had 
to deal svith a hvdatid cyst of one kidney Unfortunately, the patient svas not 
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operated on, but the specimen was absolutely convincing Hydatid cysts can 
be found in any organ The cases of Dr Phillips show what one has to think 
of in making a diagnosis In the presence of cjsts, one should never forget the 
hj datid 

Dr F S Johns, Ricliniond, Va I had a case of this kind in a Virginian, 
a senior medical student who had been abroad two \cars during the World War 
He came back with considerable loss of w'cight One of our internists. Dr 
Douglas Vanderhoof, found that he had a tumor of the right lung revealed by 
roentgen examination I operated on him and found a calcified cyst, about the 
size of an orange After the cyst w'as rcmo\ed I sent the specimen around to 
several pathologists, which resulted in an iindelcrmined diagnosis About one 
year following the operation, fortunatelj or unfortunatclj an infection developed 
in the patient’s pleura The diagnosis w'as confirmed through finding the booklets 
After excision of tlie nnolied pleura he made a complete recovery I reported 
this case several jears ago before the Interurban Surgical Society, but it was 
not published I should be glad to have Dr Phillips add this case to Ins series 

Dr Pol N Cormios, New York Dr Phillips presented a remarkable 
study of the hydatids of the lungs 4s I come from a country — Greece— in 
wdiich hydatic c^sts arc a common occurrence, I wnsh to add only a w'ord to that 
question This is a W'ord of w'arning against diagnostic tapping of these cysts 
The patient is often inghly sensitized by' Indatic fluid, so tiiat even a fraction of 
a drop entering the circulator\ stream or even the subcutaneous tissue can produce 
severe anaphylactic shock I w'lll alwa\s remember a case of a young girl of 25, 
wdio nearly died after such an exploratory puncture A second danger of these 
punctures, especially in the cysts of the liver, is the possibility of spreading 
about scolices and thus causing secondary echinococcosis, particularly ui the 
peritoneal cavity The same thing may occur in the pleural cavity, therefore 
believe that Deve’s method should ahvays be used in these cases 

Dr Edgar W Phillids, New York I think that every one agrees with ivhat 
Dr Lilienthal said about the age of infection, that is, that it occurs uriiio 
childhood De\e and Stonew'cll both emphasized that point 

Dr Lilienthal spoke of the calcified pericystic layer , that is, the layer 
out by the host surrounding the invader When that is thick walled, the 
of surgeons dram the cyst cavity In the lung, this pericystic layer 
thin, and the lung cavity surrounding the hydatid cyst very rapidly ° 
so that they have been drained for a very’ slioit time m countries m w uc 
disease is common ^ 

Dr Mever emphasizes the rarity of hydatid cyst in this country I 
know how long the cases are going to be rare if certain reports are 
in some instances 100 per cent of hogs slaughtered are foun to 
disease We have reports from Virginia, where 100 per cent has par. 

scattered all over this country are reports of high percentages o m es 
ticularly in hogs 

The chief of the Zoological Department, Bureau of Animal is 

that there is no way at present of knowing how much m esta ion 
this country of 

Dr Coryllos spoke of the danger of anaphylaxis £qj. treatment 

the reports I read on this subject condemned aspiration ei danger ot 

or for diagnosis, both because of anaphylaxis and because 
secondary sowing 
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NI W AOKK 

Cash 1 1 — f/i'cJoi v— ^frs I, ngcd 48, cunc to see me in December, 1929 
Her f-imilv lustoiy ^\^s tinimportaiK About (\\cn(> jears before, she bad bad 
tbc last of two miscarriages, wbicb passed off without complication She had 
borne no children A number of jears before. Dr 11 C Cowles of New York 
had extirpated a bartbolmian gland for gonorrheal infection, and in 1927 he 
remoecd the right adnexa, which were similarh disc.iscd The patient said that 
in 1927 there W’as a period when her legs became swollen without known cause 
When I saw' her, the swelling had complctelj disappeared 

In June. 1929, Dr Charles Gordon Ileyd operated on her for cystic disease 
of the left ovar}', removing a degenerated imiltilociilar intraligamentous ovarian 
cyst The operation had been difhcult because of many adhesions to the hollow 
viscera, but the remainder of tbc abdomen had revealed no abnormality Patho- 
logic examination failed to show malignant disease At that time Dr Heyd 
noted that the patient’s fingers were greatly clubbed, and that the nails were 
meurvated On examining her chest, signs resembling those of encapsulated 
fluid w'crc discovered, and an exploratory puncture anteriorly resulted in the 
withdrawal of a little blood The patient then stated that she had had pleurisy 
in her early youth and that it was a long time in healing This statement is, 
of course, indefinite 

For a few years before I saw her she had had occasional spasmodic cough 
and had expectorated considerable quantities of tough mucus, sometimes flaked 
with blood The attacks were asthmatic in character, but the wheezing was said 
to disappear on recumbency 

Evammalion — ^The patient was a tall woman in good general condition The 
blood pressure was 135 systolic and 65 diastolic, but the vital capacity was only 
2 2 liters, although her normal weight was 185 pounds (83 9 Kg) 

Physical examination disclosed that in the lower half of the left part of the 
chest both front and back, there were the usual signs of encapsulated fluid 
There was also great limitation in the extension of the right shoulder with the 
characteristic tenderness of subacromial bursitis Although I did not believe 
that this had anything to do with the condition of her chest, I advised roentgen 
examination, which was carried out by Dr Leopold Jaches He found the right 
shoulder to be normal In the chest, however, there was a large area of localized 
density on the left side extending from the level of the second interspace in front 
almost to the diaphragm, but with a small clear space between the diaphragm 
and the opacity Stereoscopically, this opaque region seemed to be limited to 
the anterior part of the chest, and Dr Jaches thought that the lower half of 
the upper pulmonary lobe was miolved There was pleural thickening and 
almost complete obliteration of the costophrenic sinus by what seemed to be a 
small quantity of fluid The heart and other mediastinal organs were displaced 

1 The cases are not arranged chronologically 




Fig 1 (case 1 ) — Roentgenogram taken on Dee 6, 1929, before operation wit 
the patient in an erect position The shadow resembles that of encapsulated flui 
or tumor 



flerure 1 

Fig 2 (case 1) — Roentgenogram taken on the same gyclqr’s cliaphr^?'” 
patient in the supine position The print was ma e wi diaphragm 

Note the clear space between the mtrathoracic sia ow 
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to the unaftcctcd side, and the left bolder of tbc heart could not be seen 1 here 
e\as no MSiblc abnormalitj in the upper left pirt of tbc chest and none on tbc 
right side (figs 1 and 2) 1 be aort i e\as normal The right side of the 

diaphragm was restricted in its cNcursions Dr Jaciics held (iie opinion that 
the densitr was probablv produced In a tumor mass, but the iireseiice of eiic ipsnl.itcd 
fluid could not be excluded 

On auscult ition, occasional squeaking drj rales were heard in both sides of 
the chest It was ceident to me tint a full surgical exploration of the left side 
of the thorax should be made, but in order to gam as much inlormation as 
possible I requested Dr M C Mrcrsoii to exainme the bronchial tree by endo- 
scope He did this on Dee 12, 1929, and, except for a slight bulging of the 
posterior wall of the bronchus of the left upper lobe into the lumen, nothing 



Fig 3 — Position of the tumor m case 1 The lung is sbowm running on to 
the surface of the growth This sketch shows the posterior part of the tumor 
only The ends of two ribs which were divided posteriorly are seen above For 
simplicity's sake, only one nb spreader is shown m this picture , two w^ere actuallv 
used 


Dr erson said that this deformity might have been 


abnormal was found 
congenital 

Considering this examination, I felt encouraged to operate m the hope that 
I might be able to extirpate a tumor or dram a chronic encapsulated empyema 

Operation— On December 24, the operation was performed The anesthetic 
chosen bj Dr William Branower was a mixture of nitrous oxide and ethylene 
—no ether Dr Ira Cohen assisted, and Prof Richard H Meade of the Uni- 
%ersity of Virginia, was present as an observer The patient was placed on her 
right side, and the table was broken so as to wnden the interspaces 
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An incision of 7 inches (17 7 cm) nas made between the eighth and ninth 
ribs, and immediately there was a gush of clear fluid from the pleura, so that 
at first I suspected that there was merely a sacculated pleural effusion The 
rib spreader was put in, however, and at once a large tumor was revealed, pink- 
ish gray in color and lying toward the mesial side of the lower portion of 
the upper pulmonarj lobe (fig 3) The tumor appeared to have its origin in the 
edge of the lung During my exploration, bleeding began from points that I 
could not see and, although this was not immediatelv alarming, it was disturbing 
in view of the contemplated radical procedure It forced me to enlarge the 
incision and also to remove about 8 inches (20 3 cm) of the ninth nb for better 
exposure The eighth, seventh and sixth ribs were divided postenorh, the inci- 



Fig 4— The specimen in case 1 after hardening At the right is 
the lung which was resected The mass near the center represents 
of adhesions to anterior thoracic wall 


Sion having been extended upward Finall}', two nb spreaders in ^ ® adhe- 
of the wound gave ample space for full intrathoracic raanipu pul- 
sions were peeled away, and the tumor togetlier with a sma pgature 

monarj-^ edge was removed, the lung being divided dista to through 

(fig 4) A large flesh 3 ' adhesion to the pericardium was ligate a^n guterior 

after the lung had been resected The principal trouble was \\hich 

adhesion that sprang from a point near the internal mammary ar rib 

bled persistently so that the source had to he exposed by cutting j^^grle "as 
its cartilage \t Dr Ira Cohen’s suggestion, a bit o 


near 
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pbcecl agniist this bleeding area, and the oo/ing piomiitly ceased All parts of 
the chest were now caiefiilly explored bv vision, but the oiilj remarhaWe thing 
to be noted was the peisistent collapse of the upper lohe which refused to expand 
even on intrapharvngcal pnciiinatic pressure I regarded this is probabl^ the result 
of the long continued compression by the tumor 

A solution of dextrose, 1,800 cc, was injected into the acni ol the right arm, 
and this was followed later bj transfusion of 600 cc of citratcd blood In 
Dr Nathan Rosenthal, more as a proplnlictic measure than as one of cmcrgenca 
The W'ound was closed with pciicostal snUircs of ehromici/ed e itgnt, and the 
soft parts were sutuicd with silk, an tight A small intercostal incision was 
made in the ninth space through which a fenestrated salve drainage tube emerged 



Fig 5 — Histologic slide from the specimen in case 1 


Coal During convalescence, which at first was far from smooth, it was 
rather alarming to hear the sonorous rales ni both sides of the chest which 
made one fear that a double bronchitis was present The pulse, however, 
remained of excellent quality, and the patient’s good general condition was main- 
tained Six days after the operation there was distress in breathing with some 
increase in the rapidity of the pulse, and fluoroscopy revealed a sacculated hydro- 
pneumothorax in the upper part of the chest With the patient under nitrous 
oxide and oxygen, I reopened the lower half of the mam wound and pushing 
away adhesions I opened a completely closed cav tv containing air under pressure 
and about 1,000 cc of clear fluid 
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In explaining this tense pneumothorax, I concluded that I \\as not dealing 
with a lahular condition, but that the tension was produced b\ the formation 
of a large quantit\ of fluid in the upper part of the chest w'here air had become 
encapsulated in the space left bj the collapsed upper lobe With the increase 
in fluid, the air was placed under tension \ small pulmonare fistula developed 
about ten da\s alter the oixiration, and a low grade einp\ema resulted The 
pleuropulmonary fistula closed spontaneousK 

It IS not necessar\ to go into furtlicr details of the com alescence It was 
slow, and at the time this paper was written there was still a pinhole o\er which 
a tiin piece of gauze with one bit of adhesne plaster was worn as a dressing 
The roentgenogram, howe\cr, indicated a sacculated pneumothorax and pleural 
thickening (fig 6) I fancN that nature will c\entualh bring about complete 



Fig 6 (case 1) — Four months after operation At this tune the 
a tiny fistula from wdnch about two drops of fluid exuded m twent) tour 
yet there was considerable lateral pneumothorax and thickened pleura ^ 
was practically well There seemed to be an upw'ard dislocation o tie 
probably due to the transmitted force of the rib spreader 


obliteration of this air-filled space, though it is possible that an aseptic 

may remain for years, with no evil effect extracted 

As a somew'hat distressing complication, a number of teeth bad 
because of infection of the apical roots Both shoulders were operation, 

subacromial bursitis had not entirelj disappeared four months a te 
although the patient wms m good general health and was gaming » 

Note — Now, more than se\en months after the operation, the 
soundly healed and the patient writes that she is in excellent healti 
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CAsn 2—Hisloi\ — l^lax B, aged 55, had been complaining for about two 
and one-half jears of pun in his chest with remissions and recrudescences There 
had been neither cough nor other distincth pulmonarj sjmptoms, but he had 
shortness of breath on exertion The plnsical signs had been those of solidifica- 
tion m the lower left part of the chest, where there was a distinct bulging of 
the thoracic wall backward and outward re\cr had been absent, but there were 
general deterioration and progressne weakness Roentgen examination re\ealed 
a semicircular shadow- about 6 inches fl5 2 cm) in diameter m the lower left 
part of the chest (fig 7) Dr George ^Voolse^, who referred the patient to me 
had operated about ten days before I saw- him, resecting the ninth, tenth and 
ele\enth ribs o\er the tumor The mass pro\ed to be extremeh solid, and one 
rib was greatlj broadened but not neoplastic A cleavage plane permitted a 
specimen the size of a golf ball to be remo\ed, and this w-as pronounced neuro- 
fibroma after examination in the laboratory of Roose\elt Hospital Examination 



Fig 7 (case 2) — Roentgenogram taken before operation showing the enormous 
fibrosarcoma of the low-er left side of the chest 

by an outside pathologist resulted in a diagnosis of fibroma or possibly fibro- 
sarcoma of a low- grade malignancy- (fig 8) 

At my suggestion, the patient w-as treated by injections of erysipelas and 
prodigiosus toxins (Coley’s) which he bore well so far as his general nutrition 
w-as concerned, but the reactions depressed him so that after a few- weeks this 
mode of therapy- w-as omitted - 

There was general improvement, but about five months later I perceived a 
slight fetid odor at the patient’s mouth and, fearing that there might be inter- 
ference with bronchial drainage, I advised that the tumor be shelled out of its 
capsule if possible, and that the injections of the toxins be resumed 

2 My reason for advising the toxic treatment was that I had had success 
in mam cases of sarcoma with this form of therapy, and because Dr Woolsey’s 
description of his operation was not one which would make the surgeon anxiou^ 
to attempt extirpation 
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OpciatiouK and Cantor — The patient entered the Private Pavilion of Mount 
Sinai Hospital, and on Nov 23, 1926, I operated, using nitrous oxide and oxygen 
as an anesthetic The operation proved beset with difficulties and could not be 
earned out as projected 

An incision about 6 inches (15 2 cm) long was made through the old scar 
Bleeding was considerable, and it was difficult to resect the ribs on account of 
the trouble in securing the anomalous vessels in the tissues surrounding the 
tumor Two ribs were finally resected, and the dense mass beneath was reached 
I succeeded in removing a mass onlv about the size of a lawn tennis ball, and 
was then forced to desist because of large vessels which might have been 
injured within the depths 1 lie case was obviouslv not radicallv operable The 



Fig 8 — Photomicrograph of tumor m case 2, removed at the second ope 


hollow was firmly packed with gauze, and the skin was close ' packing 

porary sutures These were removed three days later, an to 

was removed smart hemorrhage appeared in the depths so t a 

be immediately replaced, this time soaked with thromboplastin^ 

pulse rate, which was 80 before the operation, dropped to ^yith the 

later Pain was absent I had hoped to remove more of t e um 

aid of the diathermy monopolar knife but the electric app lance c 

too slowly for this kind of operation ^ Roentgen therapy was len 

by Dr William Harris through the wound and later on, ano i 

ery'sipelas and prodigiosus toxins (Coley’s) was begun, but la 

because of the patient’s complaints 

3 A more active cutting electric blade is now available 
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The wound healed from the bottom, and Ivfr B stated that his respiratorj 
distress had been materiallj impro\cd He soon was up and about once more 
attending to his business 

Almost three jears later, m Februarj, 1929, the patient’s weight was 1-0 
pounds (54 4 Kg) His \ital capaciU was 2 8 liters His blood pressure was 145 
sjstohc and 85 diastolic Roentgenograms re\caled a shadow about as it was 
before mi operation 

On April 1, 1930, the patient came to me again He now weighed pounds 
(68 Kg) more than the preiious jcar, but Ins Mtal capacity had dropped 0 6 
of a liter (to 2 2) while the blood pressure had risen to 165 sjstohc and 90 
diastolic It IS, howeier, recognized that m the case of this man, a sensitiie 
person, the blood pressure readings at the office were probabli higher than those 
of the patient’s normal tension because of ncrious apprehension 

I now found a rather puffi area oicr the posterior part of the tumor There 
was slight cough but no expectoration The general appearance was distmctlj 
better than it had been He again entered the hospital, and on April 24, 1930, I 
incised the old scar with a diathcrmx knife, casilj shelling out the external 
softer part of the tumor w'hich was of an entirely different consistency from 
that of the original new' growth With considerable physical effort, I then 
managed to enucleate a portion of the old tumor which w'as now extremely' hard, 
and e\en seemed to be m some regions calcareous The entire mass remo%ed w'as 
about the size of a man’s fist 

Pathologic Repot t — Dr Klemperer s report on the specimen is as follow'S 
soft portions, “Polymorphus cell sarcoma with necrosis”, firm portions, “hard 
fibroma ” 

“The soft portions of the tumor consist of \er\ cellular areas m which the 
nuclei vary extensively regarding their size and chromatin contents The paler 
nuclei resemble nuclei of fibroblasts, there are quite frequently cells encountered 
w'lth \ery large intensely stained nuclei, often with two nuclei The cellular areas 
blend w'lth less cellular areas with abundant intercellular ground substance, but 
also here the irregularity of the cellular elements is -very conspicuous There 
are W'lde areas of necrosis and m the neighborhood of these, the tumor elements 
show a peculiar transformation w'hereffi they' become enormously enlarged w'lth 
a bluish halo surrounding the markedly shrunken cells, the structure resembling 
cartilage It is very possible that this is only' a degenerative phenomenon The 
intercellular substance is fibrillar and stains pink 

‘ The firm portions of the tumor are composed of a v ery dense tissue, very 
poor in cellular elements which resembles in its appearance the structure of a 
tendon Here and there, however, one finds more cellular areas which also show 
a good deal of irregularities The present tumor show's considerable differences 
from that removed several years ago which was a neoplasm of a uniform 
appearance ” ' 

The tumor, therefore, had undergone a great change for the worse On 
roentgen examination, a circular shadow, probably that of a metastasis, was 
found in the contralateral lung (fig 9) 

INCIDENCE 

Giant sarcoma of the pleura or, more accurately, of the subpleural 
tissues, IS extreme!} rare The diagnosis is usual!} made on postmortem 
examination 
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Klempeici and Rabin,* wlio collected a great mass of evidence from 
the liteiatuie, and who added cases peisonally observed by them, spoke 
of the solitaiy oi localized foim of subpleural connective tissue tumors 
Theie seem to be two types, one, that of small tumors arising from the 
edges of the lungs, usually innocent small masses found at autopsy and 
not contiibuting to the fatal issue Theic are also found in this region 
chondioma, fibroma and lipoma The other is of a type which grows 
to gigantic pioportions, even filling the chest, and causing death by 
mere bulk thiough ciiculator}'’ disturbance One case cited was that of 
a tumoi 7 pounds (3 2 Kg ) in weight These tumors usually originate 
beneath the costal pleuia, my own case here leported (case 1), being 



Fig 9 (case 2) — Roentgenogram taken four years later, and imme 
following third operation The iodized oil gauze packing is faintly seen 
IS now a secondary tumor in the opposite lung 

one of the rare exceptions and beginning on the visceial side, as in th 
case of the small tumors of accidental discovery This type ’ 
if evei, produces metastases in spite of the sarcomatous 
appearances Only twelve of these cases have been uneart le 
Klemperei and Rabin, and a tabular study of these may be oun 

their papei . 

My fiist case was typical in that the tumor was covere 

seemed to be an extension of the visceral pleura It was 

(fig 4) Micioscopically, the appeal ances were those o I'O 

— - £ the 

4 Klemperer, Paul, and Rabin, Coleman B Neop asms American 

Mesothelioma and Fibrosarcoma, read at the 1930 meeting o 

Association of Pathologists and Bacteriologists Dr Ra m nrn 

data from Ins notes 
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oi fibioma with comparatively few tumoi cells Adhesions to sin round- 
ing stiuctuies weie piesent, and in my second case, the exact origin 
of which could not be pioved, the diaphiagm as Avell as the peiicardmm 
■s\as fiimly adherent This is the one which later changed its character, 
both clinically and histologically, and which pioduced a metastasis 
(fig 9) 

COMMENT 

At the 1923 meeting of this association, when I was piesident, the 
subject of my addiess was “Malignant Tumor of the Lung, and 
Necessit) foi Early Operation ” "■ In this paper I earnestly stressed 
the need foi prompt intervention according to the suigical pimciples 
generally accepted m dealing with tumoi s elsewhere in the body This 
was seien j^ears ago, and the fellow^s of the association have showm 
diligence and interest m the study and siugical management of thoracic 
tumors The association itself made a step forwaul by oigamzing 
a registiy of neoplasms of the chest fiom which w'^e shall certainly 
learn much Yet the medical profession at large is slow to follow 
oui lead, and it persists m the futile couise of tieatment b) diagnosis, 
CAen to the final melancholy chaptei of the postmortem report 

I have presented heie twm cases wdiich speak for themseh es That 
the condition in both w'as histologically malignant mereU emphasizes the 
validity of arguments for early and radical action I will state here 
briefl) a few appaiently self-evident piopositions associated with this 
subject, and will give m\ conclusions 

1 All tumors should be diagnosed 

2 Tumors mav be classified as malignant or innocent ^ 

3 Tumors that are malignant should be extirpated 

4 Tumors that are not malignant but that intertere with normal life, or with 
the happiness or welfare of the host, should be eliminated 

5 An operation or other procedure that is more dangerous than the condition 
which It would relieve is unjustifiable 

6 Intercostal diagnostic exploration through the normal thoracic wall, when 
performed under the principles of thoracic surgery, is not an extrahazardous 
operation ^ 

7 Exploratory laparotomy is performed frequently with the consent of the 
internist or even at his suggestion 

If the foregoing propositions are accepted, diagnostic operative procedures on 
the thorax should be the rule in the case of a tumor within the cavity of the chest, 
unless It IS possible to learn its nature by other methods such as endoscopy or 
the biopsy of a metastasis 

5 Lilienthal, H Malignant Tumor of the Lung Necessitj for Earlj Opera- 
tion, Arch Surg 8 308 (Jan ) 1924 

6 The word nonmalignant ma> be used, but the designation of any abnormal 
growth as benign is erroneous 

7 It entails less shock and a far shorter period in bed than a laparotomy 
of equivalent magnitude 
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8 A sjmptomless mass accidentlj disco\ered b> routine roentgenology does 
not, ot course, demand immediate intervention even for accuracy of diagnosis 
but repeated obser\ations should be made, and any increase in size or any onset 
of symiptoms should be the signal for full investigation including, if necessar)', 
explorator} operation One may come on an essentially innocent growth, at the 
time remo\able, which, if lelt to itself, w'ould increase in size and become 
hopeless 

A most instructne instance was presented at the pathologic confer- 
ence of i^Iount Sinai Hospital on Apiil 23, 1930, winch profoundl} 
impiessed me A man of middle age had entered the hospital eleven 
tears before wnth signs of some endothoracic disturbance wdnch led to 
roentgen examination This retealed a chincall) benign type of tumor 



Fig 10 — ^Huge lipoma of the lung, mistaken for cancer (chnicalh not 
genologically) This is a rough sketch mereh to give an idea of the size o ^ 
tumor at that time (Tracing from Wessler and Jaches’ Clinical Roentgeno 
•of Diseases of the Chest, The Southworth Compan^, 1923) 

of the lung, probabl) intolving the pleuia The patient had been 
good health for over one yeai (fig 10) ^ A little blood) ii’ 
withdrawal fiom the chest b) aspiiation and the conclusion reac 
was that the patient was suftenng from cancer of the lung 
This decision was strengthened b)’’ the presence of one or 
shadow'^s which were thought to indicate metastasis Alter a 
of ^ea^s the man presented himself only a short time ot 

w ith an enonnous tumoi producing embarrassment of the ri-, i 

8 Wessler, H and Jaches, Leoiiold Chnical Roentgeno^^ 
the Chest Troy N Y The Southworth Companr 1923 p 
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the hcait, fiom which he suceiimhe'd 'J he ease was piesenled I)\ Dr 
George Bachr The specimen demonstrated h\ Di J’.uil Klemperer 
was that ol a gigantic hiioma ansmg m the siihplenial ti‘'Suc ffig 11) 
The state of the patient at his last admission forh.ide tren minoi ch.ig- 
nostic surgical measures hut surcH ele\cn, or ten oi jieih.iji'' from fue 
to three }ears bcfoie his last admission this tuinoi could h.i\e been 
remored oi resected with little iisk Indecfl nothing would ha\e hcen 



Fig 11 (case 2) — Postmortem specimen ele\en jears later (With permis- 
sion of the Pathologic Department, Mount Sinai Hospital ) 

lost had an operation been undertaken for the sake of certaint} at the 
time of his first examination The fact that the man lived for so long 
a time with gradually increasing distress w-as not a reason for inaction 
Were this address intended solely for the fellow's of this association, 
my presentation of the subject for a second time w'ould be inexcusable 
But my w'ords wall be read by others, and the paper may, perhaps, be 
abstracted by journals, so I trust that its message may be carried far 
beyond these w'alls 
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ABSTRACT OF DISCUSSION 

Dr C G He\d, New York The case that Dr Lihenthal has presented is 
of great interest by reason of the fact that the patient has been examined b} 
at least six physicians She was referred to me for a pelvic condition, and on 
doing a routine examination, I was impressed with the tremendous clubbing of 
the fingers The} were almost like the drumstick of a chicken How it could 
be possible for the fi\e physicians w'ho examined her before I did not to note 
these fingers is rather surprising Before she was operated on for the pehic 
condition, roentgenograms of the chest were taken which showed the tumor 
exactly as Dr Lihenthal has indicated in his pictures We were then in a diffi- 
cult position She had come to me for a pelvic condition I did not disclose 
the tumor of the chest until after she had had a bilateral ovarian cyst removed 
She made an uneventiul convalescence from the laparotomy, and then w'e apprised 
her of the condition of the chest Roentgenograms were taken in numerous 
positions, and the roentgenologist could not state what he thought the tumor 
was I should like to ask Dr Lihenthal if a preoperative loentgen diagnosis 
as to the character of the tumor was made 

Dr How'ard Liuexth\l, New' York No 

Dr C G He\ d That w'as our difficult} At about the same time one of our 
nurses came to me because of a goiter , she exhibited almost the same clubbing 
of the fingers, onl} not to such an extent, and she had a shadow almost identical 
with that W’hich the patient presented We told her that the condition of the 
lung was of far greater significance than the goiter The result was that she 
had nothing done and is still going about her duty with a progressne enlargement 
of the fingers 

It IS a distinct pleasuie to hare follow'cd this case of Dr Lihenthal s, and it 
IS surprising to note the apathy of the medical profession in regard to lung 
pathology as the physician sees patients with clubbed fingers from time to time, 
which are an open invitation for an investigation of the chest I congratulate 
Dr Lihenthal on his excellent result 
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1 C D-WISON, MD 

\riANTA, (A 

it lb not ni> int'.ntiou to piCbUit in detail a textbook di^eus^iun ot 
tumois ot the chest, but aftei a bnef gcneial diseussum ol the subject 
to lepoil a sciies of cases th.it ha\e occuiied lu nn pin.ile pi.ictice and 
that ha^e been obsened at the Steniei Clinic ol Atlanta intiathniaeic 
tnmois aie moie common ih.in loimeiK lejioited and <ne dnided into 
piimai} <uid second.in 

Piiman tnmois mat be benign oi maliunant J be benign gionp. 
including lipoma chondioma, osteoma fibioma fibiopapilloma and 
del molds is laie Benign tumois ma_\ oceui m the mediastinum oi 

in the lungs 1 he diagnosis of nonmalign.incx cannot be made at once 

but onh attei piolongcd obsei\alion when if the tumoi has not 

inci eased m si/e and it it letains its legulai shaip outline with no 

mciease of simptoms, a diagnosis of nonmahgnanev ma\ be made 
Benign tumois ma\ pioduce piessuic sjmploms that aie distiessing 
and at times pulmonan suppuiation and sepsis b) paitial oi complete 
obstiuction of the bionchi In the malignant gioup caicmoma is the 
most fiequent Statistics h\ eaiious anthois as to its incidence ^al 3 ' 
fiom 1 to 10 pel cent of all cancels Ceitainly a highei peicentage is 
being diagnosed now' than w'as foimeily thought to exist This ma} be 
the lesult of moie thoiough examination and the moie fiequent use of 
the x-ia}s and the bronchoscope Piimai}' caicmoma of the lung mai 
be endobi onchial oi pai enchymatous, the bionchial t)pe being the moie 
common It occuis moie fiequently m males than in females, the latio 
being given by Fishbeig as 2 1, and other aiithois estimate an even 
higher ratio Chionic iiritation must be consideied as the pimcipal 
cause of primaiy cancel of the lung, this being piodiiced m mam cases 
by the inhalation of iriitatmg substance, such as dust by mineis and 
stone cutters and irritating gases and tobacco smoke Chionic bionchitis, 
tubeiculosis, asthma and influenza may be foierunneis of cancel ot the 
lung It at times occurs m connection w'lth pulmonary abscess and 
bronchiectasis, and it is impossible to say which is cause and wdiich is 
effect Cancers of the lung occur most often late in life oi attei 60 
3 ears of age, but they have been obseived m 3 0 ung adults Ewing 
leported 80 pei cent as occurnng m the upper lobes of the lungs The 
pathologic piocess may invade the contiguous tissues and organs by 
infiltiation and by partial or complete obstruction may lesult in bron- 
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chiectasis, atelectasis, gangiene, abscess, empyema and hemoiihage 
The tiimois may metastasize thiough the lymph oi blood stieam to an} 
poition of the body Tufhei believed that metastasis takes place early, 
this IS not concuired in by otheis The most frequent locations of 
metastases fiom piimaiy cancer of the lung are the bionclnal glands, 
hvei, bones, brain and ceivical and thyroid glands 

Practically all secondaiy tumois of the lung aie malignant and aie 
metastases deposited by the blood and lymph sti earns in the pulinonaiy 
parenchyma from some distant piimaiy focus They may be single or 
multiple and glow into spheioidal masses which may leach gieat size 
and retain then sharp outline foi a long tune The course of secondaiy 
carcinoma of the lung is somewhat similai to that of pi unary, only it is 
usuall} more rapid, as the patient probably has alieady become anemic 
and depleted by the piimaiy condition The signs and symptoms of 
cancel of the lung aie not veiy chffeient fiom those of othei pulmo- 
nary conditions but they tend to peisist and progiess in spite of treat- 
ment The symptoms at fiist may be lathei vague and indefinite, more 
of a sensation of giaclually mci easing ill health, with slight cough 
Latei theie is pain in the chest which may be lef erred to the shoiildei 
and down the aim on the affected side The cough becomes incieasingly 
productive and more seveie The sputum may be slightly stieaked with 
blood, but has no fetid odoi The physical signs may be misleading 
even m advanced cases Usually they lesemble the signs of tubeiculosis, 
unresohed pneumonia or fluid in the pleuial cavity Theie may be 
some elevation of temperature even before a mixed infection is present 
Tubercle bacilli are sometimes found in the sputum, as the two condi 
tions may coexist The blood is not chaiacteiistic, theie is usually a 
moderate leukocytosis, but anemia fiequently^ develops late Clubbing 
of the fingers and toes is present in many cases, paiticulaily if theie is 
bronchiectasis or abscess as a complication The diagnosis, as a ru 
cannot be made fiom the histoiy and the physical examination alone, 
but these are very important The bionchoscope is a valuable aic m 
diagnosing pulmonary tumois and should be used eaily m cases m 
which tumor is suspected It is not a dangeious procedure, and siou 
not be reserved for use as a last resort 

Many of these tumois have their origin m the mucosa of the bron 
and a fiagment from a suspected aiea can easily be lemoved f^ 
thiough the bronchoscope, thus dealing up the diagnosis 
often be done before the x-iays show anything definite 
examination has been our chief aid m diagnosing tumors m t le t 
It has often revealed the presence of tumois that were not 
In cases in which a tumoi is thought to be pi esent both anteropo 
and latei al Mews should be made Fluoioscopi should e 
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cases S.ucoluas .uc haul U) <li(Teicntialc finni taiciiunnas and .uc 
onh onc-foiiitli <is fic(jiicntl\ obsened 

In c\ct\ case in ^\hlch ihoiauc Uimoi is snspccUd a caicfvil histmv 
should he taken and a tlinioiu'h plnsital c,\ainin,uion in.idc with the ide.i 
ol locatinc; am ohscuic pi iinai \ locus oi met.ist.ilic nodules fioni whieh 
inici oseo])ie sjjcciinenb ina\ he oht.uned Ifii diat^nostK jnn poses 

Roent'^en lheiap\ has been u'^ed e\tensuel> in cases ol suspected 
and pio\cd mahi,mant Uiinois of the inediastimnn and hinus ll nsu.dl\ 
has a palhatnc eft ect e.iusni" tenipoi.ii\ iin|)io\emenl Occasionalh 
a case is lepoiled chnic.ilh diae:nosed as inalu,Mianl wliieh has lesponded 
leadily to locntgcn luadiation Schioedei of Cincinn.iti leported such 
a case with icmaikahle ieeo\eiy aiifl the loenlgenogiains appeal in 
Di Lihenthars honk At the Steinei Chine in \tlanta loentgen 
theiap\ is used as a loutine measuie loi its palh.ilne effect onl\ 

Suiqical intcncnlion ofiers the onh hope loi ieco\ei\ fioin an e<u 1} 
neoplasm of the lung Attei renio\.d of the tumoi-heaiing area healing 
should occui without infection 1 he so-ealled fle.ul sjiaee is obhteiated 
h} the elevation of the diaplnagm the eonti action ot tlic thoiacic wall 
and possibh b\ a plnsiologic einjilnsema of the lemaining pulinonai\ 
tissue 

In selecting jiatients foi opeiation, the bionehoseupc and the x-ia\s 
should he the main guides 'J he location ol the tumoi in the lung will 
also influenee the opeiator’s decision those in the periphcit oeing moie 
accessible than those located neaiei the bionehial tiec The end-results 
depend on how eailj these cases come to opeiation, and unless the sin- 
geon has the simpathetic coopeiation of jihjsicians, patients wuth malig- 
nant tumoi s of the lung will continue to leach the smgeon too late foi 
cure In extensive opeiativc pioceduics on the lungs, Saueibiuch 
advises a tw'o stage operation At the fiist the necessai} iib lesection 
is done and the pulmonaiy aiteiy conti oiling the affected lobe is ligated 
At the second stage, thiee or foui weeks latei, the diseased aiea is 
extirpated 

In late cases, palliative opeiations may be peifoimed on selected 
patients such as paitial collapse of the affected lung, evacuation of 
secondary abscess of the lung and lesection of a large portion of the 
tumor, which in ceitain cases may give tunpeioiaiy lehef from distiess- 
ing symptoms 

In operations on the lung, its vasculaiity is somewdiat of a handicap 
The high frequenc\ ladio-knife and coagulator can be used to advantage 
Lilienthal advises exposuie of the tumor, curetting or scooping out of 
the contents and packing with gauze The gauze is left in place seveial 
da 5 s and then changed daily Slough will be cast off, and later the aiea 
can be tieated with the \-iays or radium 
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REPORT or CASES 

Case 1— (Case reported to the Fulton Countv Medical Society by Dr R S 
Leadingham, pathologist to Grady Hospital ) A white man, aged 20, was admitted 
to the Grad-i Hospital on Feb 7, 1930 The chief complaints were orthopnea, 
cough and edema of the lower extremities As the patient was admitted to the 
hospital acutel} ill, no history was attainable 

Examination revealed enlarged cervical glands The patient was somewhat 
C 3 anotic and unable to lie down on account of difficult breathing Mediastinal 
dulness extended from the right sternal margin to the left axilla There were 



Fig 1 (case 1) — L> mphosarcoina of the thymus gland 


moist rales over the bases of both lungs The heart sounds were muffle , 
there was a soft systolic murmur at the point of maximum impulse le p 
rate was 120 and regular, and the volume was fair The systolic blood 
was 122 and the diastolic 84 The temperature on admission was 
respirator}’- rate, 24 The wdnte blood cells count was 17,000, with 
poh morphonuclears Roentgen examination showed a large tumor 
ing a greater portion of the left side of the chest and mediastinum, isp 


heart to the right 

Tvelve hours after admission the temperature was 


F and the pu^"' 


rate, 120 The patient died suddenly four hours later 
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At ainops\, a higc mccii.istmal mass was foiincl tNlcmlmg fiom alwve the 
claMcle to the superior suifnce of the hcait and displacing both the heart .ind the 
great rcssels Microscopic sections showed Ijmphosai coma of the thyimis gl.ind 
The Ijmph nodes of the mcdnslinum and retroperitoneal regions were enlarged, 
and there were scvetal soft nodular masses m the light lung On tlic surface of 
both kidneis there were single small nodules 1 cm in diameter No metastases 
were found m other tissues of the hods There were scattered areas of hroncho 
pneumonia m both lungs 



Fig 2 (case 1 ) — Gross specimen of figure 1 showing heart and blood vessels 
displaced downward by the tumor 

Case 2 —Mrs V S , aged 53, married, was admitted to the Steiner Clinic on 
Jan 17, 1930, with the complaint of pain in the back and the left side of the chest 
and a tumor on the left side The present illness began about eighteen months 
before admission, when the patient noticed a pain in the side and back, it was 
intermittent at first and graduallj grew w'orse Ten months before she noticed 
a lump or a tumor on the left side, just posterior to the a\illa At the time of 
admission the pain was in the left side near the breast and was severe The 
patient took si\ acctylsahcylic acid tablets daily for relief 

She had had the usual childhood diseases She had had an operation for or arian 
tumor (^) when 20 >ears of age The menopause occurred when she w'as 47 




1398 


4RCHIJ'ES OF SURGERY 


Her father died of nephritis and her mother died at 60 of “rheumatism,” but had 
had an operation for tumor of the breast four years previously 

The tumor presented by the patient was small (3 by 4 by 2 cm ), it was 
located m the left posterior axillary fold, and was not attached to the ribs It 
nas not tender on examination There were palpable glands in the left axilla and 
supraclavicular space, but none on the right side A roentgenogram, taken on 
January 17, showed the tumor in the left axillaiy region with destruction of a 
portion of the sixth and se%enth ribs, probably a c\st producing pressure necrosis 



Fig 3 (case 2) — Mj'xo-angio-endothelioma shownng destruction of 
and seienth ribs 


There were 3,760,000 red blood cells, 70 per cent hemoglobin, J 

cells and 65 per cent pol} morphonuclears, 31 per cent being small 

urinal} sis were essentially negative m^\o-angIO■ 

On jMarch 24 1930, a section from the wall of the cyst showe 

endothelioma, evidently arising from the pleura ,rradiaho'’> 

A diagnosis of m}"xo-angio-endothel!oma was made oen 
fi\e treatments, was gnen in January and February, w'lth no imp j,j,p,£]h in 
A recent roentgenogram show'ed that the disease was pro» 
spite of treatment The patient is still under obser\ation 



\399 
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On ISIarch 22, the red blood count was 3,530,000, with 75 per cent hemoglobin, 
the white blood count was 10,500 On April 9, 125 cc of coffee-colored fluid 
^^as aspirated from the ninth interspace in the posterior axillary line A twentv- 
tour hour culture showed n6 growth A roentgenogram on March 4 showed a 
large round mass in the upper left side of the chest with an opacity at the base 
of the left lung The heart shadow was displaced to the right The picture was 
suggestne ot a new growth 

The diagnostic impression w'as sarcoma, cyst or syphilis 
A roentgenogram of the chest on March 26 showed increased density from 
the second interspace almost to the diaphragm on the left side The densit} was 
homogeneous and was probably a new growdh arising from the mediastinal region 
Examination re\ealed an anemic w'oman, apparently m constant pain She 
roughed occasionally and spat bright red blood The heart could not be pe*"- 



Fig 5 (case 3) — Carcinoma of the lungs Same as figure 4 


cussed and outlined owing to pain There w'as partial heart ^5 

occasional dropped beat The vessels were sclerosed The syi>toIic 

sure W’as 85 and the diastolic 65 A systolic murmur was no 

definite area of dulness and diminished tactile fremitus extending 

line to the left thoracic wall, which occupied the middle tlnr o 

Expansion on this side w'as definitely limited A few' fine moist ra es 

over this area of dulness The right lung was normal 

Diagnosis of primary mediastinal cyst was made ,s a 4 

This patient is in the medical service, and because the bloo^ japitih 

Wassermann reaction she is receiving antisvphihtic treatnien^ j-^ore extef'’’"^ 
growing worse The pathologic process m the lung is beconnUo^^ _ 
w Inch, in im opinion proves that the primary condition is no s ^ 

C\SE 5— Mr DHL, aged S3, married, w'as admitted to tte 
on Oct 21, 1929, complaining of pain in the left side o tie 
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trothy sputum, loss of wcirIU .uk! luoderalt aiicinin 1 he prcsci/t illness began 
with pain in tiic left side, which had continued for tlit past fourteen jears Blood- 
streaked sputum had been expectorated at times, hut not rcccntlj' i he patient 
had lost w'Cight m the past three 3 ears He had been under treatment b} various 
physicians and had taken antisvphihtic licatmcnt over long period of time, with 
no apparent benefit He had had pneumonia one year before admission lie hid 
lost 50 pounds (22 7 Kg) m the last three years 

Examination revealed a distinct bulging in the upi«r portion of the chest 
with large \aricosc veins over the stcrnuin and .interior jiortion of the upiier part 



Fig 6 (case 4) — Primary mediastinal cyst 


01 the abdomen The breath sounds, voice sounds and tactile fremitus were 
increased over the right side of the chest A few moist rales were heard There 
was a mass the sire of a small orange m the right lower quadrant of the abdomen 
1 he red blood count w'as 3,580,000, with 76 per cent hemoglobin The urine was 
normal The Wassermann reaction was negative The roentgenogram showed 
a shadow, apparently enlarged glands of the mediastinum or a primary cyst, 
possibly a dermoid 

A. probable diagnosis was made of a dermoid cyst of the mediastinum pressing 
on the superior -vena ca\a 

The patient is still under observation 
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Case 6— Mrs B L, aged 51, married, was admitted to the Steiner Chine on 
Aug 12, 1929, complaining of polyuria and dysuria, edema, loss m weight and pain 
m the left side of the chest since May, 1929 The present illness began gradually 
twelve months before admission The past history was unimportant, except for 
amputation of the breast fire years before The patient was told that it was not 
malignant 

Examination of the chest gave negative results The extremities showed a 
clubbing of the fingers with enlargement of the joints, especially the phalangeal 
joints The patient looked acromegalic The systolic blood pressure was 132 



Fig 7 (case 5) — Mediastinal tumor obstructing the superior 1/6113 cara, 
cose reins on the anterior surface of the chest and abdomen 

and the diastolic 68 The red blood count rvas 2,480,000 The 
reaction was negative A roentgenogram showed a sharply de ne 
shadorv of increased density the size of a grapefruit in the base o t 

The diagnostic impression w'as that probably a benign ^.Q^yctne 

roentgenogram of the long bones shorved chronic arthritis and 
periostitis The patient died in November, 1929 Permission or 

denied . 2 benigo 

The final diagnosis rvas uncertain, but the condition rras p 
cyst of the left lung 
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Cask 7— A T, a schoolgirl, aged 11, was admitted to the Steiner Clinic on 
Dec 3, 1926, complaining of pain m the left upper part of the chest and general 
weakness The present illness began with these symptoms, which had existed 
for several years and had gradually progressed The patient was healthy until 
the age of 6 Her parents noticed that she was not growing as fast as her older 
sister, she became weak and would not play as other children Recently, she 
complained of pain in the left upper part of the chest She had had a fast pulse, 
and her color had not been good A roentgenogram of the chest on March 24, 
1924, showed a tumor of the mediastinum She was given several doses of 
arsphenamme and also roentgen treatment before being admitted to the clinic 
Examination revealed a rather pale girl, aged 11, undernourished and under- 
sized There w'ere several enlarged glands under the angle of the jaw' on both 



Fig 10 (case 7) — Cyst of mediastinum of several years duration, prob 
benign 


sides The chest showed thin only fair, symmetrical expansion, owing 
on deep inspiration There was slight diminution of resonance 
scapular region and deciease m breath sounds over the same area 
were heard It was impossible to outline by percussion the , 

x-ray films The red blood count was 4,000,000, with 78 per A, 

the white blood count was 12,850, with 61 per cent ^ outlm^^ 
roentgenogram of the chest on Dec 14, 1927, showed a ® 

spheroidal-shaped shadow or mass m the upper 


left side of the chest, cont n 


w 


,nth the mediastinum The mass on lateral exposure appeare 


in 


contact 


util 


the ribs behind 

A diagnosis of benign c}"st of the mediastinum (primary j 
The patient is still under observation 


made 
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Case 8— Pat C, aged 3, was admitted to the Sterner Clinic on Dec 6, 1929, 
the chief complaint was liematuria and a mass m the riglit side of the abdomen 
The present illness began on November 24, when the patient passed bloody urine , 
he continued to pass it daily since that time On December 1, a mass was noticed 
m the right side of the abdomen which w'as not sensitne or painful 

Examination revealed a large firm mass m the right side of the abdomen, 
extending from the lower border of the ribs to the crest of the ilium The 
abdomen was slightly distended The right kidney could not be outlined sepa- 
rately from the mass The left kidnej was not palpable The spleen and liver 
were apparently normal The diagnostic impression was (1) sarcoma of the 
right kidney and (2) hvpernephroma 



Fig 11 (case 8) — A, sarcoma of the kidney with early metastases to the lungs 
P, same as figure 11^4 following the Coffey-Humber treatment, showing exten- 
sive and advanced metastases to both lungs 


The patient w'as given several roentgen treatments, the mass was reduced 
somew'hat in size, and the hematuria had ceased The parents were advised as to the 
gravity of the case, and decided to take the child to San Francisco for the Coffey- 
Humber serum treatment (Feb 14, 1930) Thej remained m San Francisco three 
weeks, during wdiich time he received six treatments He had a violent reac- 
tion following the second injection, and w'as lerv ill for several days The tumor 
grew rapidh, and the patient w'as much worse alter the treatments, in fact the 
parents were adMsed that he could Ine only a few dajs Against the doctor’s 
adMCe, he was brought home Later he impro\ed, and is again being treated by 
roentgen irradiation On ^prll 16, 1930, marked djspnea developed, and a roent- 
genogram showed widespread imohement of both lungs Eight treatments have 
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been given, with marked relief from the dyspnea and reduction in the size of the 
tumor It IS expected that the irradiation is only palliative 

A diagnosis of sarcoma of the right kidney with metastasis to both lungs 
was made 

Case 9 — Mrs C D, aged 38, married, was admitted to the Steiner Clinic 
on April 20, 1927, complaining of intermenstrual bleeding, profuse menstrual 
periods and weakness The present illness began four months before admission, 
when the patient noticed a slight bloody discharge or “spots” between periods, 
and recently her periods had been more profuse than usual She had been grow- 
ing weaker gradually for several months 

Examination of the chest ga\e negative results at the time of admission 
The cervix was enlarged, with bilateral lacerations, and was eroded It bled 



Fig 12 (case 9) — Secondary carcinoma of the lungs metastasized from 
cervix uteri 


easily (apparently malignant) Otherwise physical ^ygnious 

results A section from the cervix showed epidermoid carcinoma o t e 

type A roentgenogram of the chest on April 20, 1928, showe 

cinoma of the upper and outer portion of the left lung and ^ I” 75 

the right lung On April 22, 1927, the red blood count was , ’ Cqq 

per cent hemoglobin On April 25, 1928, the red blood count was 

40 per cent hemoglobin ^ rnndarj 

A final diagnosis was made of carcinoma of the cervix wit se 

tases to the lungs l^,c region 

Radium was applied to the cervix, and roentgen therap} 
m April and May, 1927 sMuptom? 

On April 20, 1928, the cervix had healed entirely T e pa carcinonn- 

of pulmonary complications, and the roentgenogram showe me a 
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which was unusual, with a primary lesion situated in the cervix uteri In May, 
1928, roentgen irradiation of the chest was instituted The patient died on Mav 
20, 1928 

Autopsy showed metastatic epidermoid caicinoma and bronchial pneumonia 
Case 10— Miss E J, aged 27(?), was admitted to the Steiner Clinic on Aug 
7, 1925, complaining of sore throat, swelling on the left side of the neck, diffi- 
culty in swallowing and pain in the left ear The present symptoms began 
about two months before admission, and had been progressive 

Examination revealed a moderate swelling on the left side of the neck, due 
to an enlargement of the cervical glands A roentgenogram on August 7 showed 
in the third interspace on the right side an area of increased density, which was 
homogeneous, had smooth edges and extended from the mediastinal space half 
way to the periphery of the lungs 



Fig 13 (case 10) — Endothelioma of the lymph nodes with metastases to 
the lung 


The diagnostic impression i\as probably lymphosarcoma C?) 

On August 8, biopsy of a Ivmph node, removed from the neck under procaine 
hydrochloride, showed endothelioma of the lymph nodes 

A final diagnosis was made of endothelioma of the lymph nodes with sec- 
ondary metastases to the lungs 

Roentgen irradiation was employed on August 12, October 9, 12, 22 and 26 
A roentgenogram on October 5 showed that the area had materially increased 
m size and that there was a new area just outside the heart shadow in the base 
of the left lung 

According to follow-up notes made on Nqc 4, 1925, the patient had been 
noncooperatn e from the beginning, had visited all the quacks and had not kept 
her appointments She had a slight hemopt 3 sis for two nights, decided that she 
had pulmonar> tuberculosis and left for Los Angeles The results are unknown 
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C\SE 11— R L, a Negro, aged 70, was admitted to the Steiner Clinic in 
August, 1925, complaining of a mass in the left side of the neck, enlarged glands 
of both the axillae and groins and dj'spnea and cough The present illness began 
in April, 1925, when the patient noticed a small lump on the left side of the neck 
which was not painful Later other lumps appeared m the groins and axillae 
The original growth progressed 

Examination showed a huge mass of enlarged glands on the left side under 
the ear, 10 by 8 by 6 cm The tumor was firm and smooth, it was not attached 
to the skill, and u'as not tender There were several smaller nodes on both sides 
of the neck which were freely movable There uas marked dulness in the ape\ 
of the right lung, sounds uere normal, and no rales were present There were 
enlarged glands in both axillae, not attached to the skin, and freely movable 
Se\eral enlarged, freely movable glands w'ere found in each groin A roentgeno- 


! 



Fig 14 (case 11) — ^Hodgkin’s disease 


gram of the chest on August 19 showed the right apex to be filled wnt ens 

shadow s u wa 

The diagnostic impression wms (1) Hodgkin’s disease and (2) lymp 
In August, 1925, a small node was removed from the groin or isgi 
A diagnosis of Hodgkin’s disease was made 

Roentgen irradiation wms given, with some improvement e pa > 
in the summer of 1926 with acute diarrhea , 

Case 12— Henry A F S, white, was admitted to the ^femer Chine on 
18, 1928, complaining of loss in weight, lumps under the arm an m patient 
weakness and loss of appetite The present illness began w len 
“caught cold” in September, 1927 He later noticed tlie igck 

masses in the arm pits and neck, and gradual loss m weig t, 

of appetite lorth enlarged and 

Examination reiealed that the glands of the neck were gMllae 

matted together, but w ere not sensitive to palpation ° niediast”’^*'”’ 

were enlarged There w^as increased dulness on either si e o 
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%\ith a few scattering rales Roentgenograms showed widespread involvement 
on either side of the sternum, extending w^ell out to the peripherj- of both lungs 
at the bases 

The diagnostic impression wms (1) I 3 raphosarcoma and (2) Hodgkin’s sar- 
coma A gland was removed from the neck and a microscopic examination made 
A diagnosis of Hodgkin’s sarcoma wuth metastases to the lungs was made 

Roentgen treatment was given, with material reduction m the size of the masses 
The patient died on April 22, 1928 Autopsj showed widespread Hodgkin’s sar- 
coma throughout both lungs 



Fig 17 (case 12) — Same as figure 16, showing autopsj specimen ot the ui g 


Hodgkin’s disease aflects onh'^ the Ijinph tissues, wdiereas Hodgkins 
maj' metastasize like carcinoma or sarcoma, in this case it metastasize 
lun<^s 

Case 13 — ^Irs il C W , aged 69, wms admitted to the Steiner Chn'c on 
Jan 23, 1929, complaining of several pigmented masses on tie ric 1 
face, general weakness and loss in w'Cight The present illness la 
the patient noted a small black w art or mole on the right er e row , ^ 

remored in 1926 with a sahe The plnsician told her the grow i ' plaster 
It returned later and was not benefited bj the application clown on 

Later another mass appeared just anterior to the right ear, ex o 
the neck The cemical glands became enlarged The hemoglobin 
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cent The urine r\as positne for melanin A roentgenogram of the chest showed 
widespread blood-borne metastases to both lungs 

A diagnosis was made of melanoma of the face (malignant) wnth metastases 
to both lungs 

Roentgen irradiation was gnen on Januar}" 26, 28 and 30 and Februar) 28 
The patient died on l\Iarch 17, 1929 Autopsy on March 18 showed inetas- 
tases to the lungs, Iner and spleen 

Case 14 — Jvliss E M R, aged 43, w'as admitted to the Steiner Clinic on 
Tan 13, 1927, complaming of an ulcerating mass on the anterior, left side of 



Fig 20 (case IS) — Secondar\ carcinoma of the lungs fron a maho 
toma of the right testicle 

the thoracic w'all The present illness follow'ed an automobile noticed m 

ber, 1925, in wdiich the patient’s left breast w^as bruised for'^et it” I” 

December, 1925 She consulted a physician and w'as a vise ° this 

October, 1926, the mass in the left breast w'as diagnose as car 
time small glands w'ere palpable in the supraclaMCular operation 

amputated Roentgen therap\ w^as given both before an a j-netastascs 

A roentgenogram on June 29, 1927, show'ed no eiidence o intrathoracic 

On December 30 a roentgenogram show’cd in\olvemen ° rather than a 
structures, probabh a direct extension from the loca recurr 
metastasis 
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e ON Cl V nioNt 

Intrathoracic Uiniors both benign and malignant are mote common 
than was tormerh snp])oscd 

Benign tumois of the mediastinum and lungs otten pioduce atelec- 
tasis and bronchiectasis In pressure 

Primarj carcinoma ot the lung and pulmonary tuberculosis ma\ 
coexist m the same patient 

Abscess and primare carcinoma of the lung otten coexist, and it is 
impossible to tell which is cause and which is effect 

Benign tumois of the chest should be remmed surgicalK when 
accessible 

Roentgen tlierapi offers onh palliatne results in malignant neo- 
plasms within the chest 

Earh surgical mter^elltton is the onh hope tor pnman malignant 
growths within the chest ^ 

In the treatment for intrathoracic neoplasms there should be a closet 
cooperation betw'een the internist and the surgeon 
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ABSTRACT OF DISCUSSION 


Dr Carl A Hedblom, Chicago I quite agree with Dr Lihenthal that 
“benign” is not a good term for nonmalignant tumor, but if such a tumor injures 
health or shortens life, as it frequently does, the term nonmalignant seems to 
me preferable to “benign” or “innocent” 

I should like to emphasize the importance of the early recognition of tumors 
of the lung and of the thoracic wall As Dr Lihenthal so well stressed in his 
presidential address in 1923 , any advance m treatment under present methods 
IS dependent on earh diagnosis ^ 

We all agree, I tliinTc, ,that bronchoscopy is the most direct anT the surest 
method of establishing the presence of bronchogenic tumor, but the diagnosis may 
be made not infrequently on biopsy of a hard cervical gland or of other super- 
ficial glands or tumors Occasionally clumps of malignant cells may be isolated 
from the sputum or froin’'aspirated pleural exudate 

In m3" opinion we should discriminate sharply between primary malignant 
tumors of the lung or the thoracic wall and those due to meta’stasis Metastasis 
are common, as we all recognize, and signif}", generally spe^aking, the same hope- 
less prognosis as metastasis elsewhere 

I have performed explorator}" thoracotomies on a number of patients with 
bronchogenic carcinoma, but in every case the tumor had infiltrated the hilus^ 
Radium implants in such cases in my experience seemed to prolong life and to 
relieve S3"mptoms I have drained abscesses secondary to tumor of the lung with 
marked palliative results In cases with marked retraction of the mediastinum 
from atelectasis secondar}" to occlusions of the bronchus by the malignant growth, 
phrenicectomy ma} give some relief of the symptoms In cases of indefinite 
tumors of the wmll of the chest, earl3'' radical excision may be more conservative 
than waiting for a tumor to grow to such proportions that diagnosis becomes 


obvious but excision difficult or useless 

Dr William A Hudson, Detroit There is just one point in regard to the 
question of earlj" diagnosis which I think cannot be emphasized too strongly t 
has occurred to us that the developmental period of tumors of the lung is muci 
longer than we have heretofore considered We have now" one case that has een 
under observation b3" numerous medical men over a period of seven years m w im 1 
there w"as one symptom that wms outstanding, and it w"as onb" after imestiga^m^ 
of that particular symptom that a diagnosis was made That sjmptom 
spitting of blood It recurred at irregular intervals throughout the perio^ 
observation Bronchoscop3" wms performed on this patient three 
ourselves, at wLich time an ulcerative lesion was found in the low'er 0 
left bronchus , the lesion w as not characteristicallj" cancerous, but w as 
The patient wms told at the time that it w"as a suspicious lesion, an 
should be kept under close observation One 3"ear later bronchoscopy 
formed bj" Dr Clerf, w"ho removed a specimen, and at the same im 
the patient that it wms a suspicious lesion, but the specimen w' nc ’ {jroncho- 
w"as reported as granulation tissue Six wrecks later w'e again per orme 
scop3 and w"ere able to penetrate to the orifice of a tertiary ^ small 

a nodule was seen to protrude We removed a specimen sma confirmed 

finger-nail, removing practically the entire mass Microscopic ndiuni 

the suspicion of carcinoma of the bronchus The patient las 


and roentgen therap3 and is still in good condition ^ 

We feel that the de\ elopmental period is much longer period o 

fore considered, this case presenting sjmptoms extending orer 


lierefo- 
f seicn 
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^t.us Is It uni Ihil the <«i the tumnis such is Di Dnisoii 

has shown t\tend tt\u \ ihu<h\ ot ten lutein '>i eeen t\sent\ \e ifs 

Dk L I LlWui) \e\\ ^nik On mount «it the (hfluulte ni iniKintt a 

ehlTerentn! ehaunosirol see^ ic the inediasunil tumors I will show two sinks 
to illustiale. It (I'oi a lepoii anti illusti ition of this e isi sn l^ieult'i uolo} ic 
Diaenosis ol Ihoi leie. ikimouls > \ti ii St in. 18 ^111 1 1 in ) t 

1 lie tuiiior shown in the fust slide oiciiried in i in in iced v ml w is sud to 
ha\e cieeii shftht pressure seniptoins md sliphl eUspui i 1 he <iiustioii ot 
whethei it w is an uieurisui <ir i nudiistiiiil deinioid is the irmit tint I wish 
to einph isire In leKud to the epiestiou oi pulsitioii do not he niiskd h\ an 
ippareiU pulsation under the tluoroseope iiidii iti\e ot uieuresui \ tiiinor oi 

this seirt so eloseh lelited to -tin lort i md the he irt will he lilted in stieh i 

wa\ tint one luipht heheie tint it showed pulsiiioii I lin tuinor w is iMuiuied 
b\ 1 numhti ol roeiiteeiiolomsts, some oi whom thoimht thee s.iee piilsitioii 
1 first siw the else U the \ew \ ork Lnuersite t lime md dnunosed it as 
niednstiii.d ekrmoitl Inniiir seen one other else oi mednstinal dermoid m which 
the patient was atterward sueeessitilU opeiated on he l)i ! ilieinthal ( \iie ii 
Sew 18 lO'e (Ian] 192<>) 

1 he patient in <(uestiou spontaneoiish eoimlied up the tumor It is rather 
iiitercstiiiii; that m i smiil ir ease* shown he Dr Birker .it the New ^ ork \c.ukme 
eif Medicine' i ioeiiti:euolot;isi liad eh mnosed .uieiiiesm and then sliowed .i lihn 
like the* second one presented showiui: tint the aneuresm hid disappt.iied 'iiie 
same tliinu h.iiipeiied in this e ise Dr S.unnel )..miherl oht. lined the final roeiit- 
ijcnogriin ot this eise lor me at the Piesheteri.m Hospital two and i h.ih eeirs 
later 1 he p.itieiu entered the hospital U tint time lieeaiise ol foul expectoration 
.'iid a roentgenogram made it tli.it tune showed tint the tumor had dis.ippeared 
except lor the sort of eiie.ipsiil tied ippe nance sliown in the second slide Dr 

Lambert tried to trace the mieroscupie examination ot the nnternl that was 

coughed up, but w is iiiiahlc to find i report in the l.ihor.itore Ills remark is 
that as the material was prohahU foul and possible eoiUaincd hair it was thrown 
awa\ as not being a s.uistaetore specimen He repoits u m Ins article on intra- 
thoracic tumors as a mednstinal dermoid tint suppurated and was eeaeiiated 
in this wa\ 

Du lIowAUD Liiiixthm kew \ork I ln\c often woiidcied iboul the mis- 
taking of dermoids and tumors of that sort lor aneuresms on account of the 
apparent expansile pulsation Ihcre ni.n be an cxensc for such mistakes 

\\ e do not look at the tumor merch on a plane, it is not mereh pushed to 
the side be the heart, it mae he pushed awa\ from the obserecr md therefore 
become larger m all dimensions as it goes awae from him and smaller m all 

dimensions as it approaches him, thus simnlatmg a true expansile pulsation I 

should like to know what Dr LeWakl thinks of this 

Dr L T LcWald, New York I think that this explanation sounds reason- 
able, how'ever, I should like to see it proeed in a scries of lapidh made exposures 
m wdnch one could studj the phenomenon differcntialh rather than to trust to 
one s eve and the fiuoroscope alone 

Dr T C Dwisox, Atlanta, Ga It is hoped that an abstiact of this discus- 
sion ma\ be placed betore the medical profession in order to stimulate increased 
interest in mtrathoracic tumors, and to bring about a closer cooperation between 
the internist and the surgeon 



REMOVAL OF METASTATIC CARCINOMA OF THE 
LUNG AND MEDIASTINUM 


SUGGESTIONS AS TO TECHNIC 
FRANZ TOREK, MD 

N1 W -VORK 


Hisfoiy — Mrs C T, aged 42, had had a complete hysterectomy for caicinoma, 
performed by Dr Arthur Stem m IMaj’', 1927 The recovery was normal m all 
respects, except that a vesicovaginal fistula ensued This was operated on b> 
Dr Stem in August, 1927, and healed 

The patient remained well until August, 1929, when she began to complain of 
dysphagia, wdnch by November became so much worse that she was no longer 
able to eat solid food Her weight dropped from 105 pounds (47 6 Kg) m 
August to 90 pounds (40 8 Kg ) m December There was no history of pul- 
monary disease, no cough or pain m the chest Occasionalh, she felt her heart 
pound somewhat 

Roentgen examination on December 26 revealed a large, smooth, round, sharpb 
circumscribed mass m the right portion of the chest, extending beyond the right 
border of the heart It occupied the area of the eighth, ninth and tenth inter 
costal spaces and measured about 11 cm across The low’cr half of the esophagus 
W'as displaced forw'ard by the mass, being sharply angulated wdrere it came m 
contact wuth the upper border of the tumor At the diaphragm the tumor was 
pressed against the anterior part of the hiatus The heart was also presse or 
wmrd The stomach was ptosed, it show'ed a large six hour retention an a 
small twenty-four hour residue The descending duodenum w'as the seat o^^^ 
diverticulum A vaginal and abdominal examination, made bj Dr Stem, siow 

no local recurrence , , , . 

I saw the patient early in January, 1930 An examination revea e u^ 
low' down on the posterior aspect of the chest, especially on the right si e, o^ 
left side there was also dulness, but here it was confined to an area ^ 
spine The breath sounds over the dull area w'cre faint , above t la 
voice transmission was exaggerated An occasional rale was hear lere a 

The patient’s history pointed strongly tow'ard the diagnosis o me as^^ 
cinoma of the lung However, the outline of the new' grow'th w'as 
that the roentgenologists as w'ell as the physicians, including a 

the roentgen picture to be characteristic of a nonmahgnant grow , 
mediastinal dermoid As is usual w'lth dermoids in that location, e 
and the heart also, to some extent, had been displaced forw'ar nothing 

seemed to be further supported by the fact that the gynecologist cou for 

suggestive of a local recurrence Finally, there seemed to e no ^ ^ rnedias- 
assuming that a patient who had had carcinoma should not a so 


tinal dermoid ^ j,gi- opera 

Attempts were made at the hospital to feed the patient ^ 

tion, but instead of gaming, she even lost w’eight during tie a refflO'C 

T on T had olanned to rtini> 

Opel aiion — Operation w'as performed on Januarv ^ posterolateral 

the supposed mediastinal dermoid extrapleuralK , if possi ^ angle of the 
incision W'as made through the eighth intercostal space rom 
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nb to the midaMllaij line, and a second incision was made from the posterior 
end of the first incision downward, corresponding to the ninth, tenth and eleventh 
ribs The incision was cained down to the pleura but not through it The 
parietal pleura was separated from the eighth and ninth ribs, well forward beyond 
the anterior end of the incision and well backward to the spine Then it was 
loosened down to the diaphragm In the course of this procedure, the ninth, 
tenth and eleventh ribs were cut about at their angles, as soon as each one had 
been separated from its parietal pleura It soon became apparent that the mass 
was a tumor of the lung which had extended into the mediastinum and had 
become firmly attached to its surroundings, especially at the diaphragm and the 
vertebrae Ihe dissection was nevertheless continued extrapleuralh , since thus 
the likelihood of remaining outside the involved area was enhanced and the lung 
could retain its normal covering of parietal pleura for a maximum amount of 



Fig 1 —Tumor of the lung and mediastinum The tumor occupies an area 
from the eighth to the tenth intercostal space inclusive and measures 11 cm 
across It is for the most part on the right side and has pushed the esophagus 
forward, causing obstruction which is most marked at the hiatus, where the 
esophagus could not ) leld so well to the pressure of the tumor 

time Fmallj, the last step in the resection, that of cutting the tumor off the 
lung and of properly caring for the cut surface, could be done best when the new 
growth required no further care and when the operator’s attention could be 
centered on the onlv surface from which bleeding was still to be expected There 
was some spurting from the cut surface of the lung, which was caught without 
much difticulti and the raw' surface %vas later closed b} a continuous catgut 
suture The pleura was then sutured whever possible, but this could be done 
onK partnlK, because portions of it had to be sacrificed in the remoial The 
lung was then inflated, and the wound closed without drainage, using tw'o pen- 
costal sutures ot chromic catgut to approximate the eighth and °ninth ribs, 
chromic gut tor the muscles and silk for the skin After the patient had been 
hrousht back to her room, she was gnen a blood transfusion of 500 cc 
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Contse — The wound liealed without any disturbance As I was uncertain 
wdiether the w'ound in the lung had been closed air tight, frequent examination 
was made the first few' dajs for the presence of a mediastinal emplnsema, but 
none occurred A pleuritic exudate of moderate extent, on the right side, which 
gave rise to no subjective symptoms, w’as noted after the operation and had not 
been completeb' reabsorbed after six w'eeks It has since disappeared A roent- 
genogram taken about that time show'ed the absence of the tumor The esophagus 
w'as more nearlj' straight but not properly filled, which latter condition was 
believed to be ascnbable partlj to adhesions, partlv to spasm invoked reflexlj bj 



Fig 2 — The patient after the wound had healed, show'ing tie 
goes through the eighth intercostal space, with an extension from i s 
clow nw ard o\ er three ribs wdnch w'cre divided 

the duodenal diverticulum w'lth the tw'enty-four hour residue in bread 

anj rate, the patient had for some time been able to eat meat, ^eo 
etc , proi ided she ate slow h ^ stroma m 

Palhologtc Rcpoit — The tumor was composed of a thin, and 

which was soft, friable, almost gelatinous tissue The tumor q{ the 

se\eral areas of diffuse hemorrhage w'ere seen in its substance column^ 

peripheral portions show'ed a carcinoma composed, for the most tissue 

and islands of pa^ement epithelium supported bj delicate <Trcater punt ot 

bearing this epithelium w'lth blood vessels of small caliber 





Fig 4 —Photomicrograph of the adeno-acanthoma 
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the epithelium showed neither intercellular bridges nor epithelial pearls The 
constituent cells nere usually small and hypcrchromatic, though there were areas 
composed of larger cells which stained less deeply with hematoxylin Mitotic 
figures were fairly numerous In many areas there were small masses of nests 
of differentiated squamous epithelium often showing central cornification or pearl 
formation Included in the tumor were a few small spaces bordered bj cylindnc 
epithelium or more or less well defined glandular acini Near one surface of 
the tumor there uere small islands of pulmonary tissue, and attached to the 
surface was a small amount of atelectatic lung tissue Toward tlie deepest part, 
the tumor showed evtensne necrosis, sometimes with replacement fibrosis In 
the newlj formed fibrous tissue were a number of cholesterol crystal spaces, often 
bordered by giant cells A diagnosis of adeno-acanthoma of the lung and pos- 
terior mediastinum, secondar 3 to adeno-acantl.oma of the uterus was made 



Fig 5 — Roentgenogram after removal of the tumor The esop 
straightened out considerably but is still somewhat out of shape, ue pro 
to adhesions 


COMMENT 

As the tumor was a metastatic one, this histor}' is, of 
piesented as that of a case in ivhich cuie Avas obtained i ^ j 
are moie likely to be multiple than solitary, and I saw some 
l}mph nodes at the light bionchus but did not take any out 
nation, as a pioiongation of the opeiation did not seem tta 
Theie is. possibly, one biighter side to the case in the act 
caicinomas aie faiily iadiosensitn’'e and that this on 

IS identical m type with the oi iginal uterine new growth o 
this hypothesis, the patient has aheady received two a 

loentgen treatments and is at the piesent time back m tie losp 
thud senes 
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The case is of inteiest because it ofteis a few topics foi consiclei- 
ation In the first place, theie is the question of the peimissibihty of 
opeiatiug at all in the case of a metastasis Fiankl}^ I must admit, 
that had I known positively that the tumoi \\ as a metastasis, I doubt that 
I u-^ould have had the courage to opeiate I operated undei a wiong 
diagnosis, with the lathei unexpected lesiilt that the patient is thankful 
to me foi doing so Now, having had this expeiience, I should not 
be inclined to be too dogmatic m refusing to lemove a metastatic new 
giowhli In this case, the tumoi caused obstiuction of the esophagus, 
and that fact, I think, was sufficient leason foi lemoving the tumoi 
One should, I believe, be guided by the indications in each case and not 
take a hard and fast stand for oi against the lemoval of a metastatic 
new' giowth 

In the second place, the technic might deseive consideiation, not 
simply in its application to this particulai case, but also m its application 
to piimaiy tumors of the lung In some of these pi unary caicmomas 
the extrapleural appioach ina}' peihaps be of advantage, pioiided the 
tumoi is situated iieai a margin or coinei of the lung The custoniai} 
attack IS intiapleuial, and in the course of it, one fiequently encouuteis 
film adhesions binding the affected lung to the parietal pleuia If the 
lesection is made outside of these adhesions, extrapleui alhq the likeli- 
hood that one is pioceedmg in unafiected tissue is greater than if these 
adhesions aie dnided mtiapleuially 

In the thud place, although even wnth an intiapleuial appioach it 
IS feasible to excise the aforementioned adhesions of a caicmoma of 
the lung togethei wnth their panetal pleuia, this extrapleuial method 
has the additional advantage of peimittmg the lung to lemain pro- 
tected by the best possible coveiing. its owm pleura, foi a maximum 
length of time, thus reducing to a minimum the iriitation of its suiface, 
to which It w'ould otheiwise be subjected by pads, hands and othei 
foieign mateiial Giave of Moscow' claimed that nutation of the 
teiminal sensory vagus filaments of the lung caused “vagus pulse” and 
distuibance of lespiration The retention of the panetal pleuia as long 
as possible w'ould undoubtedl} i educe any possible ragus nutation 
fiom that souice 

ABSTRACT OF DISCUSSION 

Dr ttiLu ME\nR, New York As far as tlierapi is concerned, bronchoscop\ 
IS a close running: mate w itli surger\ in main conditions of the king \\ e have 
-cen and lieard again this morning— and we al] know it from our own persona' 
cvpenence for a ears— that mam bronchiectatic conditions and abscess of the 
lung can be cured b\ bronchoscope and bronchoscopic treatment If the bron- 
choscopist IS strict in liis self-criticism and after a certain time is reade to sae 

I am at m\ wits end, now this case will go to the surgeon,” the patient will 
ha\e been done full justice The same can be said about other diseases of the 
lung A.fter all, the sa\mg of life is the principal point m medical and surgical 
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treatment, we know that the clanger from bronchoscopy and mtrabronclnal 
treatment is much less than that from an operation If science can possibly help 
a patient with milder means, often permanently, this should be tried first 
Regarding cancer ot the lung, we know that m at least 90 per cent of the 
cases the trouble starts m the mam bronchus, principally in the right What does 
such a patient show clinically, who is afflicted with a beginning cancer of the 
bronchus^ He has principally the inclination to cough, a cough that cannot 
be explained, because no pathologic condition is found by the internist, and 
nothing IS shown at that earli’’ time bj roentgenographic examination If the 
attending physician is progressive and properlj' trained, he wall soon consider 
bronchoscopy, suspecting perhaps a malignant tumor m the bronchus, suspicion 
of the presence of a foreign bod> being unfounded And if the specialist finds 
an irregularity of the surface of the bronchial mucosa, he will make a biopsy and 
let the pathologist tell him the diagnosis 

Regarding the value of a therapeutic proposition in medicine, I have ahvays 
believed that if tw'o minds have had the same idea about the treatment for some 
trouble, independentli', there is hkeh'- something useful m wdiat they are proposing 
By chance, I read a paper before our Association on cancer of the lung tw'o 
}ears ago While W'orking on it, I w'ondered whether one should not, if the 
condition were definitely diagnosed, attack that small, beginning tumor of the 
bronchus at once as radically as possible, namely, thoroughly burn it away with 
actual cautery With this in mind, I went to the attending laryngologist and 
bronchoscopist of our hospital. Dr John D Kernan I said to him, “Dr Kernan, 
can you invent or construct an instrument wdiich, introduced through the bron- 
choscope, will permit you to thoroughly cauterize that place in the w'all of the 
bronchus, from wdiere you took the biopsy, wdnch permitted the pathologic 
diagnosis’” 

He smiled and said, “Doctor, I have done that already ” 

A report of his case has not been published so far The gist of the matter 
IS that an early cancer definitely diagnosed bj' the pathologist from a biopsie 
specimen wms thoroughly cauterized through the bronchoscopic tube, and w'as a so 
treated later on with gold radon implants introduced and placed through the tu e^, 
and the patient, a w'oman, wms cured, and wms still cured w'hen I last hear o 
her through Dr Kernan a few^ days ago 

A second case, also that of a patient of Dr Keinan, is on record The ac 
IS that Dr Kernan had the pninar 3 ^ idea, and that I had the same, indepen en 
Such occurrence would have been some firm basis for action on these mes e^^^^ 
if w'e w'ere not j^et in possession of twm cases of earl} cancer in wuci c^^^^ 
appeared to be obtained in this wmy Besides making the correct dianuosis, 
point w'orth emphasizing is the actual cauterization The more intensne^ 
local reactive hyperemia produced, the greater is the hope for a radica cu 
W'hy IS it that a cancer of the lung starts m the bronchus so 
not in the parenchyma’ Because, we believe, the careful aiiahsis o 
opment of cancer shows that a cancer, not only of the lung, but o am 
develops wath predilection m places generally where there is more 
that part ot the same organ which is least active On the other lan , w i 
IS much motion, viz , active hyperemia i e , strong circulation ue to 
of the organ, there occurs rareh, if at all, the formation of cancer 
A. few }ears ago, at one of the annual meetings of the American 
for Cancer Research, a member, speaking of the subject o ,5 

said, ‘If one could but explain wdiy the breast of a farmers mi c 
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so battered and maltreated by the calf and not only by the calf but by the oldtime 
process of milking day after day, hardly ever becomes the seat of a cancer ” A 
few years later, being engaged in studies on the genesis and on the development 
of cancer, I ventured to give the explanation just mentioned The heart muscle, 
at work day and night, is very rarely the seat of primary cancer We eat three 
times a day , six hours is the longest time the food stays in the stomach , from there 
It passes on at brief intervals into the duodenum stimulating it to almost con- 
tinuous activity With four large-sized arteries feeding the area with blood, 
the duodenum rarely harbors a cancer Of course, we know that chemistry likely 
also plays a role in the etiology 

Coming back to the subject of cancer of the lung, I am absolutely convinced 
that if we all band together, at least the members of our Association, and impress 
on our confreres that a patient with a persistent unexplained cough must be given a 
bronchoscopic examination, and if the bronchoscopist takes a specimen by means 
of biopsj and the pathologist finds it malignant, with early removal with the wire 
sling, if pedunculated, and thorough cauterization with subsequent treatment along 
conservative lines, the terrible hardship for patients with cancer of the lung will 
gradually disappear and more cases of a permanent cure of cancer of the bronchus 
placed on record 

Years ago I had a patient with a large mtrathoracic pulsating tumor, it made 
the entire chest pulsate and did not have the earmarks of a typical aneurysm 
It was hard to explain On exploratory thoracotomy, an enormous distention 
of the entire aorta, a massive total aortic aneurysm, was found It began at 
the arch of the aorta and went down to the space where the vessel passes through 
the diaphragm Nothing could be done surgically I closed the thorax, and the 
patient recovered so far as the operation was concerned The case proves, that 
even in such dangerous cases of pathologic processes, the body stands an explora- 
tory thoracotomy very well Today we know that exploratory thoracotomy is 
no more dangerous than exploratory laparotomy Why then not, when one sees 
on the x-ray plate an mtrathoracic tumor and the patient is suffering, make an 
exploratory thoracotomy and see whether we can bring help^ 

I wish to congratulate Dr Torek that he went ahead in this case and had 
success 

Dr Pol N Corvllos, New York I want to congratulate Dr Torek on 
reporting his error in the diagnosis of the metastatic character of this tumor, 
which led him to such excellent operative success and gave us the opportunity to 
hear about this unusual case It is the first case, to mv knowledge, of an 
operation on a secondary carcinoma of the lung This shows that in cases of 
metastatic tumor of the lung, complicated by compression of the mtrathoracic 
organs endangering the life of the patient, a radical procedure is perfectly 
legitimate It shows, furthermore, that the distinction betueen tumors of the lungs 
as benign, malignant or whatever else one may wish to call them has no practical 
significance There is no such thing as a “benign” or eien an “innocent” tumor 
of the lung or of the thoracic cavitj, if such tumor is liable to increase in size 
A time ineMtabh comes uhen b> its mere growth it produces br compression 
complications jeopardizing the life of the paient I should suggest to differentiate 
tumors the terms ‘ operable ’ and “inoperable,” and to operate on them first and 
lca\e the laboratori, to determine afteruard their exact nature and grade of 
nnligmnci 

I am m periect accord uith the opinion of Dr Torek concerning the great 
ad\aimgcs of the extrapleural approach Yet if the lung is iree from adhesions. 
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I do not think there are many advantages in using this method A prehminar\, 
artificial pneumothorax, by allowing us to estimate the existence or absence 
of pleuropulmonary adhesions, would give some valuable indications as to the 
procedure to follow 

Another remarkable point in this case is the facilit\ uith vliich the tumor 
was enucleated This shows once more that in thoracic surger^, especialh foi 
tumors of the lung, well measured boldness is of great ^aluc 



PROCEEDINGS 


SUNDA\, Ma\ 11 

The Council met in an executive session at 8 p in 

Mondai, May 12 

A dry clinic was given by the staff at the Jefferson Hospital at 9 a m 
The meeting convened at 2 p m at the College of Phjsicians, Mitchell Hall 
The following papers were lead 

Dr Edgar W Phillips, Rochester, N Y “Hydatid Cjsts of the Lung 
Review of the Recorded North American Cases” 

Dr Stuart W Harrington, Rochester, Minn “Amebic Hepatic, Subphremc 
and Pulmonary Abscesses ” 

Dr Howard Lilienthal, New York “Giant Sarcoma of the Pleura Report 
of Two Cases with Remarks on Operative Exploration of the Thorax ” 

Dr T C Davison, Atlanta, Ga “Intrathoracic Tumors Report of Cases ” 
Dr Franz Torek, New York “Removal of Metastatic Carcinoma of the 
Lung and Mediastinum Suggestions as to Technic ” 

Dr Claude S Beck and Dr R A Grisw'old, Cleveland “Pencardiectomy m 
the Treatment of the Pick Syndrome Experimental and Clinical Observations ” 

Tuesday, May 13 

Demonstrations of methods of the technic and of experimental work were 
given by the staff of the University Hospital at 9 30 a m 
The Council met in executive session at 1 p m 

The meeting convened at 2 p m at the College of Physicians, Mitchell Hall 
The Association met m executive session for the election of officers, new members 
and such other business as was brought before the meeting 
The following papers w'ere presented 

Dr Wyman Whitteraore, Boston President’s Address, “Exploration of the 
Pericardium and Decompression of the Heart Report of Case ” 

Dr Carl A Hedblom, Chicago “Anterolateral Costectomy for Inadequate 
Collapse Following Posterior Extrapleural Thoracoplastj ” 

Dr Frank B Berr}, New York “The Unfa\orabIe Results of Phrenicec- 
tomj ” 

Dr E J O’Brien, Detroit “Collapse Therapj Reasons for and Alechanisms 
of the Therapj wuth Deductions Based on Obser^atlons of Se\en Hundred 
Patients ” 

Dr Francis A C Scrimger, Alontrcal, Canada “Idiopathic Dilatation of the 
Esophagus ” 

Dr H C Ballon, Dr H AI Mhlson (bs iiiMtation), Dr J J Singer and 
Dr E A Graham, St Louis “Esophagus, Stomach and Heart Following 
Liiihteral Phreiiiccctom\ ” 

Dr Duff S \lleii, St Louis “ffhc Treatment for Penetrating Mounds ot 
the Pleural CaMt\ ’ 

Presidents Banquet was held at the Masl nnd M ig Club, UiinerMt\ oi 
Pcnns\l\ann at 7 p m 
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Wednesday, May 14 

The meeting convened at 9 30 a m at the College of Physicians, Mitchell 
Hall The subject of promotion from active to senior membership was discussed 

The following papers were read 

Dr David T Smith, Ray Brook, N Y “Etiology of Primary Bronchiectasis ” 

Dr John H Gibbon, Jr (by invitation) and Dr Edward D Churchill, Boston 
“Changes m the Pulmonary Circulation Induced by Experimentally Produced 
Arteriovenous Fistula ” 

Dr C M Van Allen, Peiping, China, and Dr G F Lindskog, New Haven, 
Conn “Obstructive Pulmonary Atelectasis Problems of Pathogenesis and 
Clinical Management ” 

Dr Pol N Cor 3 dlos and Dr George L Birnbaum (by invitation). New York 
“Atelectasis of the Lung Role of Alveolar Gas Exchanges in Its Production ’ 



REPORT ON THE ACTIVITIES OF THE CHEST 
TUMOR REGISTRY 

During the past jear, the recommendations of the Council of the Association 
relative to the preparation and circulation of special blanks for the registration 
of chest tumors have been earned out Seieral hundred of these blanks have 
been sent out, and the response has been gratifjing At present, the Registry 
contains records of about 100 cases We have also received replies to a circular 
letter sent to members of the Association which contain promises of submission 
of at least SO additional cases 

The Registrar has answered numerous inquiries concerning the Registr 3 from 
surgeons throughout the country who are not members of the American Associa- 
tion for Thoracic Surgery, and blanks have been sent out for the registration of 
their cases In addition, we are corresponding with se\eral foreign clinics and 
hope to be able to obtain records of a considerable number of chest tumors 
from them 

Respectfullj submitted, 

WiLiiAM DeW Andres, Registrar 


CHANGES IN CONSTITUTION AND BY-LAWS 

At the Thirteenth Annual Meeting of the American Association for Thoracic 
Surgers, Article A’'II, Section 7 of the B\-Laws was amended to read as follows 
In printing and publishing the annual transactions oi the Association, it will 
incur cNpenses not to exceed S60 for each article It the cost lor printing and 
illustrating anj article exceeds tins sum the excess shall be charged as a special 
assessment against the author concerned ’’ 
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tion. gieat caie had to be exeicised not to inpture the axillary arteiy or 
the brachial plexus or fiactiue the lutmeius When the head of the 
humeius was brought to the anterioi border of the glenoid, and the aim 
was immobilized with the hand on the opposite shouldei, spontaneous 
1 eduction often occuired 

Chomc Recurring Tempo) omaxtUai y Snhbtxatwn — Moms®® 
desciibed caiefull}'' the intiicate anatomy of the temporomandibular 
joint and discussed the mechanics and pathology of “snapping jaw ” He 
advised operative collection of this condition lather than the use of 
external oi mtia-oial splints, such as had been advocated by some 
wiiteis Two operative piocedures were suggested (1) Nieder’s 
opeiation which consisted of turning down a flap of temporal fascia and 
sewing the end to the capsule of the joint so as to limit the exclusion of 
the condylar head, and (2) the procedure employed by Moms m which 
the condylar head was scaiified and a series of reefing stitches was placed 
in the capsule 

Habitual Dislocation of the Patella — Blencke discussed the 
various operations foi the collection of habitual dislocation of the patella 
and stated that during recent years he had used a modification of the 
opei ation desci ibed by Drehmann This consisted of transplanting the 
insertion of the giacihs muscle into the outer bolder of the patella The 
j-atella was displaced inward as much as possible, and the tendon was 
fixed subpei losteally undei model ate tension The leg was placed m 
splints foi thiee weeks, aftei which exeicise and massage were begun 
After foui weeks the patient was peimitted to ivalk, and a week later 
he was allowed to leave the hospital wearing an elastic knee-cap All 
of the patients on whom the operation had been performed remained 
free from lecuirence, in spite of the fact that one sustained a severe 
tiaumatism to the leg five years after operation 

AMPUTATIONS 

The Healing of Amputated Bones — Baiber®' studied the amputa 
tion stumps in fort} skeletons, and observed the successive changes that 
took place in the piocess of healing and lepaii of the end of the bone^ 
Briefly, these changes were found to be comparable to those of hea m^ 
fractuies These in oidei weie (1) vascular erosion of the en o 
the bone and the adjacent shaft. (2) macular disintegi ation of the lone 
adjoining the site of amputation, (3) loundmg of the bony stump 
clostne of the medullary cavity by a cap of bone which rapidl) 
condensed and (5) lestramed pioduction oi absence of osteopn es 

65 Morns, J H Surg G}'nec Obst 50 483 1930 
_ 66 Blencke B Zentralbl f Chir 57 1159, 1930 

67 Barber C G Ann Surg 90 985, 1929 
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The foimation of the osteoplnte on the femm was usually haimful, 
wheieas on the tibia oi the fibula it frequently caused union between the 
two and was to be desii ed 

RESEARCH 

The Bactciwlogy of Noimal Bone — Santos'*® made bactei lologic 
studies of twenty-foui specimens of bone and mauow obtained from 
pel sons without bone lesions and of twenty-foui samples of bone 
obtained from appaiently healthy dogs No organisms weie lecovered 
from any of these samples The authoi considered that this was 
conoboiative evidence that the stieptococci and staphylococci that had 
previously been leported as lecoveied at times fiom sohtaiy bone cysts 
veie causally i elated to these bone lesions 

The Stimulation of Bone Gioivth by Venous Stasis — The effect of 
venous stasis on the growth of bone as indicated by the healing of fiac- 
tures was studied expenmentall)’^ by Pearse and Morton fn twelve 
dogs, portions of the fibula of identical size weie lemoved subperi- 
osteally fiom both legs On one side the popliteal vein which lecened 
the drainage from the fibula was ligated just distal to its confluence 
with the femoral vein while the other leg was used foi control pui poses 
The lepaii of the bony gap was obseived by periodic loentgenograms 
It was found that the union was acceleiated on the ligated side in eveiy 
case except one in which an interposition of muscle had occurred In 
two patients who showed markedly delayed union of fiactures, callous 
foimation occurred promptly after the induction of mteimittent venous 
stasis with a blood pressure cuff inflated a little above the level of 
diastolic pressui e 

The Effect and Mode of Action of Vitamin D — Bauei and Marble 
offered experimental evidence that the action of viosteiol was to increase 
the absorption of calcium from the gastro-intestinal tiact They fed 
twelve cats on a diet deficient in calcium over a peiiod long enough to 
1 educe markedly the trabeculae in the bones They then amputated the 
left fore leg of each cat The animals were then placed on a high 
calcium diet, and six of the twelve cats weie given viosteiol The ani- 
mals were killed in pairs (one which had been given viosterol and one 
which had not) At vailing lengths of time the humerus of each 
animal was studied The humen of the cats receiving viosterol showed 
a much greatei increase m bone tiabeculae than did the controls Bauer 
and Marble were able to duplicate these observations with then clinical 
patients, as evidenced by complete calcium metabolism studies 

68 Santos, J V J Bone Joint Surg 12 150, 1930 

69 Pearse, H E, and Morton, T J J Bone & Joint Surg 12 97 1930 

70 Bauer, W, and ilarble, A Kew England J Med 201 809, 1929 
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From expenments on guinea-pigs, Roi believed that the admin- 
istration of viosteiol acceleiates the processes of repair and the con- 
solidation of the callus He consideied that the varying lesults obtained 
in expel imental woik depend on the t}^e of irradiation used 

Brougher ” studied the effect on the blood coagulation tune of cod 
livei oil or viosteiol in fourteen patients who showed a inaiked lowering 
of the blood coagulation time owing to vaiious diseases Viosterol was 
given m 10 diop doses and cod liver oil in doses of 30 cc Four hours 
after cod livei oil oi viosterol had been given, the clotting time was 
detei mined In all instances it was found to be normal 

The Influence of the Wtthdi azval of Blood on the Healing of Fiac- 
fuies — Rallo made a study of the n ^uence of withdrawals of blood 
on the healing of fiactures in labbits He found that periodic lemovals 
of a considerable quantity of blood lesulted m an acceleration of the 
repan of fiactures and increased the capacity for fixation of lime salts 
m all the tissues that weie destined for this fixation 

The Study of Semilunar Caihlagcs — Tobler made an examination 
of 400 semilunar caitilages obtained from 100 cadavers varying m age 
from infancy to old age Beginning with the second decade, he found 
legtilaily evidences of dififeient types of degeneration of the caitilages 
Fatty degeneiation was the most common, being found in 67 per cent, 
and mucous degeneration was noted m 15 per cent Aftei the thirty- 
seventh 3 ^ear all of the cartilages w^eie found to show some signs of 
mucous degeneiation Almost as frequent as the mucous degeneration 
was what the author called asbestos-like degeneration Iiici ustation of 
the degenerated aieas with lime salts was seen in 25 pei cent of all 
cases The author considered the poor circulation of the semilunar 
cartilages responsible for the tendency to degeneration 

71 Roi, G Riforma med 45 1551, 1929 
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TUBERCLE-LIKE STRUCTURES' IN HUMAN 

GOITEkS 

R H JA.FFE;, MD 

CHIC\GO 

111 the routine microscopic examination ot goiters remoied at 
opeiation, ong occasional!} finds small nodules which are composed 
of epithelioid cells and giant cells These nodules occur in the diftuse 
enlargements of the gland as well as m the circumscribed, nodose 
hyperplasias In the nodose goiters they may be located in the nodes 
or outside in their vicinity m yyhich location they are most frequent 
A considerable literature has been dev^oted to the nodules and because of 
their morphologic similarity to miliar} tubercles the} are usually con- 
sidered as such In the older literature on the morbid anatomy of the 
th}roid gland, tuberculosis is described as being rare Rokitansky neyer 
sayv tuberculosis of the th}roid, and according to A’lrchoyy no other 
gland is as seldom aftected b} tuberculosis as is the th} roid In rmhar} 
tuberculosis, hoyvever, the thyroid frequent!} is the site of tubercles 
yvhicli do not difter from the tubercles in other organs except that 
tubercle bacilli are scanty (Fraenkel In the chronic forms of tuber- 
culosis, involvement of the tlnroid unquestionabh is rare Thus, m 
ninety -four cases of chronic pulmonar} tuberculosis, Chian - found 
tubercles in the thyroid onh tour times (4 per cent) Hegar ® examined 
the thyroid in 1,563 autopsies on tuberculous patients He sayy micro- 
scopic evidences of tuberculosis in only 0 4 per cent This excludes cases 
of acute miliar} tuberculosis The infection of the th}roid yyith the 
tubercle bacilli ma} take place b} yyay of the blood stream or hmph 
stream or b} yva} of an adjacent tuberculous organ 

Contrar} to the dead house experience ot a relative immunit} of 
the th}roid to tuberculosis yyhich seems to be supported by some 
experimental observations, tubercles in goiters from patients yvith no 
other signs of an actn^e tuberculosis have frequent!} been described 
In practically all of the cases the tubercles yyere observed incidentally 
The patients recovered quickh from the operation and if folloyved oyer 
a sufficient length of time yyere found not to shoyy am other signs of 

"^Submitted for publication, ilarcli 13, 1930 

" From the Department of Pathology of the Cook County Hospital and the 
Uihlein Memorial Laboratory of the Grant Hospital 
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tuberculosis The frequency of this so-called “benign tuberculosis of the 
thyroid” varies In a mateiial of 1,200 goiters, Coller and Huggins'* 
saw tubeicles five times (0 4 pei cent) In 90 cases Marcuse ^ observed 
2 tuberculous goiters In Smith and Leech’s ® senes of 1,500 goiters, 
there weie 3 with tubei cle-like nodules (0 25 pei cent) In Uemura’s" 
statistics, which are based on 1,400 goiteis, the frequency of tuberculous 
changes is given with 1 7 pei cent, while Werdt® found them thiee 
times m 144 cases of simple goiter (025 per cent) and once in 28 cases 
of exophthalmic goiter 

The majority of the authois state that the tubercles of the goiteis 
are located in the stioma and in the follicles The tubercles consist of 
epithelioid cells which aie often sunounded by a zone of lymphocytes 
There is a varying numbei of giant cells which are usually of Lang- 
hans’ type Caseation is laie, and if piesent is insignificant The 
nodules aie embedded with much dense fibiillar connective tissue, and 
it IS this fibrosis that causes the fiimness of the gland that makes one 
suspicious of a malignant tumoi 

Few of the investigatois were successful m demonstrating acid- 
fast bacilli in the lesions, if present, they weie scanty Accoiding to 
Hedmger,® dissolving of the gland with antiformin greatly facilitates 
the detection of the micio-oiganisms, but Mosiman complained that 
the acid-fast granules and shi unken stiiictiues obtained by this method 
aie difficult to identify as tubercle bacilli Most of the authors, theie- 
fore, resort to the histologic picture as sufficient pi oof of the tuber- 
culous nature of the condition, believing that the benign character of 
the lesion is due to the low viiulence of the bacilli or to infections with 


such small numbers of bacilli that they escape microscopic observation, 
or that the lesion is not the lesult of the tubercle bacilli themselves 
but of toxins liberated in some othei parts of the body 

The fact that the clinical history often shows no signs of tubercu- 
losis in spite of the changes in the thyioid, which sometimes are rather 
extensive, and the failuie to demonstiate the micro-organisms cast 
doubt on the tubei culous nature of many of the cases of so-calle 
benign tuberculosis of the thyroid It is the purpose m this paper to 
show that in the th3''roid ma}'’ occui nontuberculous lesions that are 
similar to tubercles In a material of 300 goiters these changes vere 
recorded four times 


4 Coller, A , and Huggins. C B Ann Surg 84 804, 1926 

5 Marcuse, E Med Khn 24 775, 1928 ^ . 

6 Smith, L W , and Leech, J V S Clm North America 8 l8o, 19- 

7 Uemura, S Deutsche Ztschr f Chir 140 242, 1917 

8 Werdt, V Frankfurt Ztschr f Path 8 401, 1911 

9 Hedinger, E Deutsche Ztschr f Chir 116 124, 1912 

10 Mosiman, R E Surg Ginec Obst 24 680 1*117 
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REPORT or CASES 

Case 1 — Hisioiy — A student nurse, aged 22, showed clinical sj^mptoms of a 
mild thyrotoxicosis of one year’s duration The basal metabolic rate was plus 
25 The history was negative for tuberculosis Physical and roentgen exami- 
nation of the chest gave negative results Partial lobectomy was performed 
The portion of gland that was removed contained several nodes from 1 to 5 mrr 
m diameter, which were rich in colloid The intervening thyroid tissue was verv 
firm and a light grayish brown 

Micioscopic Exaimnahon — The gland contained many nodules that were 
surrounded by thick capsules of fibrillar connective tissue The smaller nodules 
were composed of small follicles which contained little colloid and were linea 
by a high cylmdric epithelium The larger nodules were made up of medium- 
sized and large follicles filled by thick colloid and lined by a flat epithelium In 
places the epithelium was thrown up to short papillary infoldmgs and assumed 
cuboidal or cylindnc shape Outside the nodules the thyroid showed a lobular 
structure, the lobules being separated by a varying amount of fibrillar connective 
tissue The majority of the lobules were formed by medium-sized, colloid-filled 
follicles with a low cuboidal lining Some of the lobules contained follicles of 
irregular shape in which the colloid was replaced by a pale-stained material 
The lining was cuboidal or cylindnc, with an occasional papillary infolding Here 
and there the lumen of a follicle was filled with desquamated round or oval cells 
which had an ample oxyphilic cytoplasm and light-stained, round or oval nuclei 
These cells sometimes fused together into a single protoplasmic body from which 
fine processes extended to the epithelial lining 

A striking feature was the presence in the stroma of numerous well defined 
and sharply circumscribed nodules These nodules, which were composed ol 
light-stained cells, were scattered throughout the gland but were not found 
inside the nodules formed by the modified thyroid tissue The nodules lay single 
or in groups, the largest of which had the size of a lobule The groups were 
surrounded by much fibrillar connective tissue, which was connected with the 
stroma In the periphery or in the center there was often an accumulation of 
lymphocytes (fig 1) The cells of the nodules possessed an ample oxyphilic 
cytoplasm Their shape was oval, and their nuclei contained a scanty, finely 
granular chromatin net and one or two distinct small nucleoli There were many 
cells with multiple nuclei arranged peripherally about a homogeneous or finelj 
lacuolated center The nuclei showed the same structure as in the cells with a 
single nucleus 

Connective tissue stains, in particular Mallory’s aniline blue stain, demon- 
strated about the nodules a capsule of fibrillar connective tissue This capsule 
contained blood capillaries which encircled the nodules much as they did the fol- 
licles The connective tissue fibrils did not extend inside the nodules The 
Mallory stain also brought out another interesting feature, namely, the presence 
between the epithelioid cells of a substance that stained a bright orange yellow 
or red, as did the colloid in some of the follicles The substance appeared as 
deeply indented, drawn out or lancet-shaped bodies, which were wedged in between 
the cells or enclosed in a large multmucleated cell 

A study of the slides revealed transitional stages between the follicles and the 
cellular nodules of the stroma (figs 2 and 3) The sw'elhng and desquamation 
of the follicular epithelium alreadj described w'ere the initial stage Later, the 
lining epithelium showed the same structural changes as did the cells hing free 
in the lumen Some of the cells fused together to form giant cells The follicle 
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filled by the large oxyphilic cells and by giant cells resembled a young tubercle 
There was still the layer of fibrillar connective tissue with the characteristic 
arrangement of the capillaries about the nodule, and there were still the debris 
of inspissated colloid between the cells, indicating the origin of the nodules from 
follicles The picture later became more complicated by fibrillar connective tis- 
sue growing into the nodules and replacing them more and more Thus, finally 



Fig 1 (case 1) — A group of fully developed nodules surrounding a 
lymphoid tissue There are many epithelioid cells and giant cells In the 
single follicles are seen taking part m forming the nodules The nodules are s 
rounded by fibrillar connective tissue The whole area represents a lobule 


there was a aense scar which passed into the increased interstitial tissue 


L\mpbo 

c\tes may take part m the transformation of the follicles, though then 

limited tubercle 

Caseation could not be observed, and the most careful search or 
bacilli in thin and thick sections and in antiformm-treated material vas 
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The transformation of follicles into tubercle-like nodules may affect both 
fully developed, niature follicles and small and newly formed ones The nodules 
resulting from the young follicles are small, and since these young follicles he 
close together, separated only by a scanty stroma and capillaries, a group of trans- 
formed follicles may appear as a single large epithelioid cell nodule into which 
capillaries extend 



Tig 2 (case 1) — An early stage of the involutional changes which lead to 
tubercle-hkc changes In the left outer portion of the picture is seen the capsule 
of a node Closely adjacent to it is a group of small follicles in some of which 
colloid IS still present There are transitions between the low cuboidal epithelium 
and larger cells with a distinct cjtoplasm and oval nuclei The follicles are 
beginning to lose their distinct outlines 


C\SF 2 — Hisloi \ — A white woman, aged 37, had thirotoxic symptoms of 
moderate seieritj for o\er a lear She had lost 25 pounds (11 3 Kg ) during the 
last SIX months The basal metabolic rate was plus 35 She had neier been 
sick before and had two healthi children 7 and 4 lears of age The tlnroid was 
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moderately enlarged and very firm Partial lobectomy was performed The 
portion of gland that was removed weighed 40 Gm and contained manj nodules 
from 5 to 20 mm m diameter Roentgen examination of the chest was negatne 
MtcioKOptc Examuiatton — The gland was studded with numerous nodules 
between which very little unchanged thyroid tissue was left The nodules Mere 
composed of very large, colloid-filled follicles with a low cuboidal epithelial 
lining There W'as a marked epithelial proliferation m the form of cushion-like 
infoldings lined by cyhndric epithelium and made up of verj small follicles 
Many of the large follicles showed recent or old hemorrhages with iron pigment 
in the epithelium 



Fig 3 (case 1) — The transformation of the follicle into a tubercle-h e no 
has advanced further Near the center of the field are seen oval cells nh’ 
ample cjtoplasm They form a distinct nodule In the center is a giant 
the right lower quadrant, desquamated cells in the lumen of a follicle 
surround a giant cell 

The scant^ glandular tissue between the nodules was composed 
sized colloid-filled follicles There were manj intralobular nodules " pf 
sisted of epithehod cells and giant cells and which were surrounded b\ a 
hmphocites In the periphery of the nodules were colloid-filled 0 ic 
one could follow their gradual transformation into the nodules 111 the sai 
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ner as in the first case Some of the largest nodules measured several milli- 
meters in diameter (fig 4) There was no caseation, and stains for tubercle 
bacilli did not show any micro-organisms The changes were restricted to the 
glandular tissue outside the nodes of thyroid tissue 

Case 3 — Histoiy — A white woman, aged 25, had had enlargement of the 
thyroid for six years, and tachycardia at times for one month There was no 
tremor, no nervousness, no loss of weight and no cough or expectoration The 
family history was negative, and both parents were living and well Examination 





Fig 4 (case 2) — Several nodules of epithelioid cells and numerous giant cells 
The nodule m the left upper quadrant still shows its origin from a follicle 


of the chest gave negatne results Both lobes of the th^rold were slighth 
enlarged The basal metabolic rate was plus IS At operation, a small adenoma 
about 4 cm m diameter w^as removed with some adjacent thjroid tissue 

Micioscoptc Erammatwu — The node was composed of small follicles which 
had a low cuboidal lining and were filled with ox\philic colloid The follicles 
were separated b\ thin strands of fibrillar connectne tissue which in places 
became abundant and h^allnlc In the center of the node there were se%eral 
circumscribed accumulations of palc-stamed oaal or pohhedral cells The largest 
of these accumulations measured about 1 mm in diameter There were main 
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multmucleated giant cells In the center of some of the accumulations there were 
many slender needles of fatty acid crystals Some of the hght-stamed cells con- 
tained dark brown pigment granules The follicles adjacent to these areas showed 
changes which suggested their gradual transformation into the nodules of epithe- 
lioid cells There was swelling, desquamation and proliferation of the epithelium 
and the formation of large cells ivith many nuclei 

Case 4 — Htsioiv — A white man, aged 26, lost 18 pounds (82 Kg) m two 
months He had had enuresis for two years and nervousness for from three to four 
years There was increasing tremor of the hands, and generalized weakness The 
appetite was good The previous history was unimportant, except for tonsil- 
lectomy, herniotomy and appendectomj' The patient had had a chronic cough 
for six months Roentgen examination of the chest gave negative results There 
was marked pulsation of the th 3 roid, especially of the right lobe The basal 
metabolic rate was plus 26, the pulse rate, 108, blood pressure, 146 systolic and 
58 diastolic The poition of the thjroid that was removed weighed 40 Gin It 
was unifoim and moderately hrm 

Mic> oscopic Exaviinatwn — The gland was uniformly composed of medium- 
sized colloid-filled follicles Here and there one found a slight hjperplasia of 
the epithelium and a short papillarj' infoldJng The lobules w'ere separated by a 
stroma, which did not exceed the normal amount A few^ of the lobules contained 
betw'een their follicles small nodules of epithelioid cells and giant cells surrounded 
by lymphocytes The origin of the epithelioid cells and giant cells could be traced 
to the follicular epithelium, as has been previously described 


COMMENT 

The histologic changes in the thiee cases of nodose goitei and m 
the case of diffuse goiter aie identical with those desciibed as a benign, 
scleiosing foim of tubeiculosis of the th}ioid Theie aie the circum- 
scribed nodular accumulations of epithelioid cells and giant cells and 
the peiipheial zone of lymphocytes and of dense fibrillar connectn'e 
tissue In none of the cases was there any sign of caseation oi of 
other legiessive changes The absence of caseation also is emphasized 
by Budd and Wilhams,^^ Smith and Leech,® Wegelin^^ and otheis In 
some of their cases Hedingei “ and Uemuia’^ obseived caseation which, 
howevei, was usually insignificant i 

Is the histologic picture m itself a sufficient pi oof of the tubeiculotis 
etiology^ This question is justified because, like many other obseners 
(Budd and Williams, Moschcowitz,^® Nathei,^^ Arnd,^ Wegein 
and others), I was unable to find acid-fast bacilli All these obserie 
based their diagnosis on the histologic picture, disiegaidmg the nCj, 

11 Budd, S W , and Williams, C Tuberculosis of the Thvroid Gland, J A 

M A 92 1741 (May 25) 1929 ,, 

12 Wegelin, C, in Henke and Lubarsdi Handbucb der speziellen P^^^ 
gischen Anatomie und Histologic, Berlm, Juhus Springer, 192 , "vo ? P 

13 Aloschcow itz, \ A^nn Surg 79 315, 1924 

14 Xather K Mitt a d Grenzgeb d Med u Chir 33 3/b, 

15 Arnd, C Deutsche Ztschr f Clnr 116 7, 1912 
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tive result of the bacteuoscopic examination Veiy similai cellular 
reactions, however, occur not only m other infections but also in foreign 
body granulomas, and if these foieign bodies, cellulai oi fibrillai debus 
or inspissated secretions, have disappeaied, the difterential diagnosis 
may offer great difficulties Hence, the demonstration of the bacilli is 
of paramount impoitance A few investigators found the bacilli, e g, 
Ruppanei in one of three and Smith and Leech m two of thiee cases 
Most successful of all was Hedinger, who detected the micio-organisms 
in nine of ten cases He used the antifoimin method I also have 
tried this method Blocks of thyroid tissue 2 cm squaie weie cut up 
on the freezing microtome into sections from 35 to 50 microns thick 
The entire group of sections were collected and dissolved with anti- 
formm After centrifugation the sediment was spread on a laige 
number of slides and stained after Ziehl-Neelsen The result was 
negative As far as the th3'roid is concerned, there is one objection 
to this method Inspissated colloid, which is rich m hpoid mateiial, as 
shown by its affinity to the lipoid stains, may letam the fuchsin almost 
to the same extent as tubercle bacilli Debus and small splinteis of 
this acid-fast colloid present in the sediment of the dissolved thyroids 
can easily be mistaken for tubercle bacilli Even in sections, the splin- 
ters of colloid wedged in between the cells oi enclosed in giant cells 
may resemble acid-fast bacilli 

The negative or doubtful lesult of the bactenoscopic examination 
cannot be considered absolute proof against the tubeiculous natuie of 
the lesions under discussion It is well known that m certain forms of 
tuberculosis the demonstiation of the bacilli is exceedinglv difficult In 
these cases, however, the clinical course, the association with other mani- 
festations of tubeiculosis and the lesult of gninea-pig inoculations 
confirm the diagnosis No lecoids on animal inoculations with material 
from benign tuberculosis of the thyroid aie on hand As mentioned 
previousljq this condition is recognized only undei the micioscope, and 
the gross appearance of the gland is little suggestive of it After the 
histologic examination is completed, the fresh material usually is no 
longer available 

In the introduction I have mentioned that autopsj experience and 
the result of experimental studies suggest a remarkable resistance of 
the thyroid against tuberculosis Theie is the possibiliti that goitrous 
changes may mciease the susceptibihti of the thiioid to tuberculosis 
Goitei IS not common in tuberculous patients The tin roid of the people 
who die from tuberculosis is usualh small atiophic and fibrotic If 
adianced tuberculosis is associated nith a goitei tubeiculous changes in 
the tin roid are not more common than the} are in the nonln pertrophic 

16 Ruppaner, E Franklurt Zu^clir f Path 2 514 1909 
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gland In only one of eighteen patients who had died from ulcerative 
pulmonary tubeiculosis and whose thyroid contained nodes was I able 
to find tubeicles between the nodes 


None of the foui patients whose goiter on inici oscopic examination 
showed changes suggestive of tuberculosis levealed any other mani- 
festations of this disease The anamnesis and the physical signs weie 
^negative, as was the loentgen examination of the chest There was 
nothing m the clinical picture indicating the peculiar type of goitei The 
patients showed a mild hyperthyroidism, which was greatly ameliorated 
by the opeiation The postoperative course was uneventful, and when 
later heard fiom, the patients were m excellent health Similai experi- 
ences have been reported by Budd and Wilhams,^^ Neuhof,^'^ Smith and 
Leech,® Cieite,^® Wegehn and, in the majority of their cases, also by 
Nather,^^ Mosnnan and Hedinger ® Even if the patients years ago had 
a ceivical 1} mphadenopathy or a pleuritis or complained of cough or 
show’’ed othei signs of an old and silent tubeiculosis this would not 
necessarily speak m favor of the tuberculous nature of the lesions in 
the goitei, because both conditions are so common 

Many authors emphasize the benign nature of the tuberculosis of the 
thyroid Nathei considered the changes the result of transient in\a- 
sions of the blood stieani by tubercle bacilli without clinical manifesta- 
tions In ordei to overcome the negative results of the bactenoscopic 
examination, some authois lesort to the explanation that the nodules m 
the thyroid aie not produced by the tubeicle bacilli themselves but by 
their toxins liberated in some other places of the body From where do 
the tubercle bacilli and fiom wheie do then toxins come, if there is no 
indication of any othei tubeiculous lesion in the body^ The piocess in 
the thyioid is piogiessing because one can see all the stages of tubercle 


formation 

These considerations induce one to look for another explanation of 
the tubei cle-like structures in goitei s There are only two authois to 
question the tubeiculous etiology, namely, Landois and Wilke 
expiessed the belief that the giant cells aie foreign body giant ce s 
about fragments of colloid In Wilke’s case there were, however, no 


epithelioid cell tubercles 

The histologic descriptions and the photomicrographs of 
that I have studied indicate that the epithelioid cells and giant ce s a^^ 
not dern ed from the histiocytic elements of the stroma bur ar 
epithelial origin The sequel of events is as follows First tier 


17 Neuhof, H \nn Surg 79 313, 1924 
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desquamation of the lolhcular epithelium The desquamated cells swell 
up, their cytoplasm becomes slightly oxyphilic and the nuclei assume an 
oval shape The free cells resemble epithelioid cells The number of 
these cells inci eases, some fuse together and form multmucleated ele- 
ments, and finally the cells still attached to the wall undeigo similai 
changes Thus, the follicle is giadually transformed into a nodule com- 
posed of epithelioid cells and giant cells In the eailiei stages there aie 
no reticuhn fibeis between the cells, an important difference fiom a 
mesenchymatous tubercle, which is characterized by an intei cellulai 
leticuhn net Later, connective tissue grows in and obscuies the his- 
tiogenesis This explanation of the histiogenesis of the tubeicle-hke 
nodules m the thj i oid has been pi eviotisly emphasized by Corned and 
Ranviei,^’^ Baumgaiten, Ruppaner and others, who believed in then 
tuberculous natuie In nonspecific chronic inflammations of the th}- 
loid, in paiticular m Riedel’s struma, enoimous numbeis of epithelial 
giant cells may be piesent 

A rudimentaiy tiansfoimation of thyioid follicles into tubeicle-hke 
stuictuies in goiteis is fiequently encountered Simmonds described 
such a transfoimation inside of lai'ge lymph follicles which invade the 
glandular follicles and sepaiate their epithelium into small groups 
These changes undoubtedly aie involutional It is this explanation that 
I advance also foi the fully developed nodules, namely, that they aie 
the result of a noninflammatory swelling, degeneration and desquamation 
of the follicular epithelium that is followed by the ingrowth of fibrillai 
connective tissue The fibious leplacement is favored by the fact that 
the follicles of the thyroid do not possess a membiana piopiia What 
may cause this foim of focal involution of newly formed and old 
follicles IS difficult to determine As mentioned, these changes are much 
more frequently found m the penpheiy of and closely adjacent to the 
nodose Itypeiplasias than inside the nodes or in the diffuse enlargements 
In serial sections of one of my cases I found in the center of some of the 
tubeicle-hke nodules clusters of fatty acid needles, which supports the 
conception of the degenerative nature 

There are no chai actenstic clinical signs associated with the goiteis 
containing the focal tubercle-hke areas of involution, except that the 
glands aie often veiy firm The patients mai'- show severe simptoms of 
exophthalmic goitei or a moderate or slight hyperthjroidism or no toxic 
SNinptoms at all (Plummer and Broders Frassi,-^ !Mosiman Coller 

21 Cornell V, and Rainier, L ^lanual d histologie pathologique Pans 
1876 

22 Simmonds M Virchows Arch f path Anat 211 73, 1913 

23 Plummer V A and Broders A C Minnesota Med 3 279 1920 

24 Prassi L Deutsche Ztschr f Chir 213 416, 1929 
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and Huggins * ^Marcuse ° Uemuia,” Neuhof ^■) A lexiew of the liteia- 
tuie shows that the nodules are seven times more common in females 
than m males Most of the patients aie between 30 and 50 Aeais of age 
I do not dem the existence of a tiue tubeiculosis of the tlnioid and 
of a tnbeiculous strumitis (Ruppaner^®) The liteiatuie contains 
lepoits ol a number of well pioved cases Theie aie small oi large dis- 
ci ete caseating tubercles or conglomeiated tubeicles with extensne 
caseation oi cold abscesses Associated with these changes aie tuber- 
culous lesions of the othei organs, especially of the lungs bones or 
ceiMcal hmph glands In the liteiatuie on tubeiculosis of the tlnioid 
these tiue foims aie often giouped together with the tubercle-like 
changes obscuimg the differences between the two conditions (Jones"'' 
Xathei,^^ IMaicuse ® and others) Before making the diagnosis of tubei- 
culosis of the thyioid one should keep m mind that theie occui m goiteis 
tubeicle-hke stiuctuies with extensive fibiosis which aie not due to an 
mtectioii with Koch’s bacillus but aie the lesult of focal iinohitional 
changes 

SUMMARY 

In thiee cases of nodose goiter and in one case of diffuse goiter with 
mild h\ pel thyroidism there weie found in the lemoved tlnioid tissue 
nodulai stiuctuies composed of epithelioid cells and giant cells which 
lesembled miliaiy tubeicles The oiigin of these cells could be tiaced to 
the folhculai epithelium The patients showed no other signs of tuber- 
culosis and made an excellent recoveiy There was no caseation in these 
nodules, but much fibrosis about them In spite of a most caiefiil 
seaich, tubeicle bacilli could not be clemonstiated 

The explanation is advanced that the tubeicle-hke stiuctuies are the 
result of nonmfectious focal involutional changes of newl} foiined and 
old follicles These nontubeiculous changes should be separated tioin 
true tubeiculosis of the tlnioid 

25 Jones, T B Am J Surg 7 629, 1929 



POSTOPERATIVE URINARY INCONTINENCE 

REVinW or LITERATURE AND REPORT OF CASES'*' 

ALBERT E GOLDSTEIN, M D 

AND 

BENJAAIIN S ABESHOUSE, AID 

BALTIMORE 

Loss of voluntaiy contiol of the bladdei aftei pi ostatectomy is 
veiy distiessing to the patient, as he feels his postoperative plight much 
more keenly than his pieopeiative sutteimg This is an extreme dis- 
appointment to the suigeon as it mais and discounts an otheiwise 
technically perfect opeiation The occuiience of incontinence of urine 
following prostatectomy is more fiequent than statistical and general 
leports would lead one to believe Fortunately, the masteimg and 
perfection of technic of both the suprapubic and peimeal methods of 
prostatectomy by well tiamed genito-ui mary surgeons has led to a 
marked disappearance of this veiy disagieeable and annoying symptom 
The mechanism of uimation and the anatomic changes about the 
neck of the bladdei and posteiior uiethra have been imperfectly undei- 
stood until recently During the past fifteen yeais, gemto-uimaiy 
surgeons have displayed an increased inteiest in the ultimate results 
of piostatectomies, and this has led to numeious investigations into the 
causative factors of the pooi functional results In this lecent period 
one finds numerous observations recorded about the anatomic and 
functional condition of the musculature aiound the neck of the bladdei 
following prostatectomy Prior to this time, there was a decided 
paucity of hteiature dealing with this subject 

INCIDENCE 

Incontinence of urine following piostatectoni)'^ has been encountered 
by piactically every genito-urmary surgeon who has performed an 
extensive series of piostatectomies, irrespective of the method used 
The general belief persists, and rightly so, that incontinence occurs 
moie frequently after the perineal than after the suprapubic method 
However, m the hands of surgeons specially trained m the perineal 
technic, the occurrence of incontinence is less than m the hands of 
untiained surgeons 

According to the statistical studies of various suigeons postoperative 
uiinaiy incontinence is a i datively infiequent condition Howe^er we 

Submitted for publication Dec 21, 1929 
Department of Urology Smai Hospital 
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feel that if accurate follow-up im estigations weie made in cases ot 
piostatectomy, a gi eater percentage of uimaiy incontinence, either com- 
plete 01 pai tial, M ould be found to exist The vagueness of the term 
incontinence may account for the variability of the results reported 

The necessity foi a definite terminology in regard to incontinence 
IS evident The term tiue or complete incontinence implies the com- 
plete loss of control of mination and the existence of urinaiy dribbling 
at all times The teim, partial oi incomplete incontinence, implies a 
partial oi faulty control of urination with the occuiience of dribbling 
betu een urination on exertion or at the end of urination, other than the 
amount of leakage one oidinarily sees m a normal iieison when the 
anterioi uiethra is not stripped 

The degiee of incontinence may vary in the same oi difteient per- 
sons It may be temporal y or permanent and hence of slight or serious 
importance 

Temporal y incontinence, lasting seveial days oi weeks is a lather 
frequent occuirence after a suprapubic oi peimeal pi ostatectoim , but 
moie so after the latter method Fortunately, the condition responds to 
tieatment veiy well The cause of such incontinence may be a slight 
cicatricial contraction m the prostatic urethra or about the vesical neck, 
and instiumentai dilation at frequent inteivals results in complete 
restoration of function Occasionally, a temporary incontinence is 
associated with an anesthesia of the urethra and vesical neck which is 
the lesult of trauma incidental to the removal of the prostate These 
patients are not conscious of urine passing through the urethra If the 
ner\e supply is intact, the sensation of urination is soon restored and 
control of urination reestablished 

Some patients have a slight incontinence when standing or walking 
for the first time Some do not dribble when resting or reclmmg but 
on assuming an upright position, such as standing or walking, the) 
dribble a few drops The latter two forms of incontinence disappear 
lapidh as the patient gams contiol of urination In the first few dai'' 
of con\ alescence when uiine is voided through the urethra, the patient 
should be instructed how to start and stop his stream voluntariK sc\era 
times dm mg each act of urination and to void at frequent mtcnals m 
01 del to impro\e the tone of the vesical sphincters and to facilitate con 
tiol ot mination The importance of these bladder exercises has been 
stressed b\ Alexander , 

Often m old and debilitated patients there ma) deielop a 
dribbling accompanied b) a marked frequenc) and urgenev ^ ^ 
condition should persist, it ma) result in a true complete incontnie 
as the sphinctenc control is gradually lost Pennanent 
associated uith some anatomic or mechanical defect nnohurt 
sphincters and is the result of operatne manipulation 
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Incontinence ina} also be dminal oi nocturnal oi both Diuinal 
incontinence is usually partial and tempoiai}, and manifests itself when 
the patient is up and about on his feet in tlic fust few dai^s of voiding 
It lesponds well to theiapy, such as dilatations of the jiosteiioi urethra, 
and disappeais in a ^eii short time Noctuinal incontinence seldom 
occurs alone but is usually accompanied by diuinal incontinence, and 
these combined must be considcied as a tiue oi complete incontinence 
Avhich IS of giaie piognostic significance 

Senes ot diifeient t}pes ot pioslatectomies have been lepoited b}" 
mam authois with some lefeicnce to incontinence In 1902, Parker 
Syms lepoited thiec cases ol incontinence lollowing thirteen peiineal 
prostatectomies In 1904, ^Yalson made a \ei\ complete lesume of the 
results and complications in an extensne senes of prostatectomies He 
noted the occuiience of mcontmencc of urine in 3 5 pei cent of a senes 
of 530 penneal piostatectomics and 2 6 pei cent of 1,086 cases m which 
Bottim s opeiation i\as done He made no mention of uiinary inconti- 
nence m the senes of 243 supiapubic ]nostatcctomies Escat (1904) 
reported 12 cases (3 pci cent) of uiincii) incontinence in 382 cases of 
perineal piostatectomics Rugglcs icpoitcd 5 cases (13 pei cent) of 
incontinence in 39 piostatcctomies piesuinal)l\ of the penneal type 
Pauchet leviewed a senes of 50 penneal and 152 supiapubic prosta- 
tectomies but did not find aii} definite cases of incontinence Howevei, 
he stated that certain patients lost a little of then urine This compli- 
cation lasted se\eial weeks or months but alwa)S disappeaicd The 
patients who presented the sj'inptoms of incontinence foi the longest 
time had some affliction of the neivous S 3 'stem 

Ertzbischoft (1911) studied the late complications of tiansvesical 
(suprapubic) prostatectomies and found 11 cases in 1,573 opeiations 
In most cases, the cause was a lesion of the membranous urethra which 
normal!} should be avoided In 1912 Fieyei leviewed a series of 1,000 
suprapubic piostatectomics and did not mention a single case of inconti- 
nence except to state that m 1 case the patient failed to legain the powei 
of Aoluntary micturition He attributed this to a flaccid bladdei 
paralyzed by the extreme ovei distention present before the catheter 
was employed to lelieve the condition 

In 1911, Judd reviewed a senes of 532 cases, which included 
323 penneal and 140 suprapubic prostatectomies for benign hypeitiophy 
of the piostate and 50 perineal and 19 suprapubic prostatectomies for 
carcinoma of the prostate He stated that urinary incontinence follow- 
mg prostatectomy is a rare occurience He did not have a case of 
incontinence following suprapubic piostatectomy foi benign hypei- 
trophy although 2 patients, operated on by the suprapubic route who 
did not have complete control befoie operation, were not relieved In 
2 patients who had suprapubic opeiations for carcinoma, good control 
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ot urination uas present foi some time aftei the opeiation but inconti- 
nence gratlualh de^ eloped on recur lence of the old trouble He stated 
that there ueie 7 cases of perineal prostatectomy with some degree ot 
incontinence, m some of which there had been dribbling before opcia- 
tion In 3 of these cases there was a histoi} of an old srphihtic intec- 
tion, but there was no evidence of S}philis at the time ot operation In 
addition to the aforementioned cases, theie weie 11 patients on whom 
pel meal prostatectomy had been performed whose retentive pow'ei was 
not stiong but rvho could hold their mine several horns before dribbling 
Sereial patients did not have good control immediateh following opera- 
tion but regained it m sereial rveeks Some had difficult} in letaining 
mine rvhen m the recumbent position Others had good control while 
hing down but leaked a ferv drops when they were m the unright 
position 

Gardner, in his large series of cases, had never seen incontinence 
tollowmg a perineal or suprapubic prostatectomy, and he attributed thi'i 
to the pieserr’^ation of the compiessor urethrae muscle In a senes of 
450 perineal prostatectomies reported by Young, in 1911, complete 
incontinence — dribbling day and night — did not occur nr a single 
instance, and only three cases of partial incontinence occurred In the 
second rolume (page 461) of his ‘ Practice of Urology” he has tabu- 
lated the results of 55 cases of suprapubic prostatectoni} and repoitcd 
incontinence in 3 cases (5 per cent) 


In Deaver’s collected series of 1,734 suprapubic cases and 676 
perineal cases, this complication occuired 46 times (2 6 pei cent) in the 
suprapubic senes and 36 times (51 per cent) in the perineal seiits 
Fort} -one of these 46 cases of incontinence followung suprapubic piosta- 
tectomy are reported b} one correspondent as occurring among t'' 
patients McDonald mentioned 3 cases of incontinence m his analrsi'' 
of the suprapubic cases in wdrich operation was perfoiined at St Peter- 
Hospital London 

IMaitin in an anal} sis of the results in a series of HO patients on 
whom prostatectoni} was performed (55 cases each of the perineal am 
suprapubic method) ga\e definite information concerning incontmcuct 
m 50 pel meal and m 46 suprapubic cases In the perineal ^ric 
12 patients (64 per cent) had full control of the bladder H (2- 
cent) partial incontinence and 7 (14 per cent) complete mcoinmcnce 
the suprapubic senes 37 (80 5 per cent) had full control 7 (L"’- 
cent) had partial control of the bladder and 2 (4 3 per cent) comp 
incontinence 

Hinnran recorded obserrations based on 90 perineal and 
pubic cases He mentioned dnbbling in 1 perineal case ^ 
b} cerebral srphihs Dribbling at the end of unnation was pre 
37 per cent of the suprapubic and 20 per cent of the perinea 
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Dabbling on exeition behieen uiination existed in 26 pei cent ot the 
suprapubic and 9 per cent of the peiineal cases 

Swan leMewed the functional results of a senes of 100 cases ot all 
types of operations on the prostate and noted a restoration ot urinar) 
control to normal in 82 per cent Anal} sis of his results le^eaIs that 
leakage, or dribbling of urine, occiuied in 7 ot the 54 cases of one-stage 
suprapubic prostatectoiu) , in 1 of the 23 cases of two-stage suprapubic 
prostatectomy, in 5 of the 9 cases of perineal piostatectom\ and in 
5 of the 14 cases of punch piostatectoni} 

E Dans lepoited the late results of perineal piostatectoni} ascer- 
tained b} questioning 100 consecutne patients in a series of 176 cases 
There was no case of complete incontinence , 2 patients had a sufficient 
degree of incontinence to cause considerable mconienience and 2 others 
had a slight degree of incontinence In the former (2 cases wnth 
inconvenient incontinence), each of the patients had intervals ot com- 
plete dr}mess and the abilit} to start and stop the sti earn at w ill se\ ei al 
times wffiile voiding However, there was a w'eakness of the external 
sphincter as indicated b} leakage of small amounts ot urine following 
undue exertion such as coughing, sneezing and sudden rising 

Cecil reported one case of incontinence in 234 consecutne prostatec- 
tomies His series includes 201 cases of perineal prostatectoiu} for 
benign h}pertrophy of the prostate, 15 cases of suprapubic prostatec- 
tom} for benign h}pertrophy of the prostate and 2 cases of suprapubic 
piostatectomy for carcinoma of the prostate He does not state the 
t}"pe of operation followung w hich the incontinence occurred 

The figures of Whiteside based on 1,423 cases m wffiich prostatec- 
tomy w^as performed by suprapubic and per meal routes are of interest 
He reported 24 cases of urinar} incontinence all of which follow^ed 
perineal prostatectomies 

We ha’ie recentl} re-view^ed a series of 220 prostatectomies per- 
formed by us and noted the occurrence of incontinence of urine in 1 case 
(0 7 per cent) in 134 suprapubic prostatectomies and m 5 cases (5 8 per 
cent) m 86 per meal prostatectomies The suprapubic case was one 
of partial incontinence Of the 5 perineal cases, there w^as complete 
incontinence in 2 and partial incontinence in 3 

Here and there in the literature one finds isolated reports of a case 
ot incontinence following piostatectoiu} associated with some abnormal 
change in the musculature about the vesical neck Fullerton reported 
3 cases of stenosis of the internal orifice of the bladder after supra- 
pubic prostatectomy, and in 2 there w^as incontinence 

ANATOMY 

Before a discussion ot the nature of the changes in the musculature 
about the lesical neck and the posterior urethra following operative 
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interxention is undei taken, a brief desciiption of the iioimal anatomic 
lelatinns of these striictuies will aid in understanding the postoperatn e 
and pathologic obseriations 

\natonnsts diftei greatl} on the exact muscular components of the 
s])hmcters of the bladdei The most accuiate woik m this field was 
pel toimed b} Wesson in 1920 and b}'- Young and Wesson in 1921 in a 
comjn ehensn^e and excellent anatomic, embryologic and surgical stud) 
ot the tiigone of the bladdei In the following descriptions, w'e haic 
diawn vei) largeh from then studies and observations 

The Bladdei — The bladder has four coats, but for the gieatei part 
IS made up of two ill defined layers of smooth involuntary muscle — 
an external longitudinal and an inteinal ciicular layei The ariange- 
ment and dnection of these layers are difficult to ascertain, for the) 
change and rearrange themselves wnth each change in the size of tlie 
bladdei It has been agreed that the entiie musculature of the bladder 
contiacts together and thus acts as one muscle, wdiich is called In some 
wiiteis, the “detrusor of the bladder “ 

The Tugone — At the base of the bladder there is a distincth sepa- 
icite la\ei of muscle supei imposed on these twm la)'eis of bladder muscle 
winch IS known! as the trigonal muscle This muscle is of mesodermal 
oiigm wdiile the tw^o layers of bladder muscles aie of endodermal 
oiigm The trigonal muscle is in lealit}'" an extension of the longitudinal 
muscle la}eis of the meters and then sheaths The fibeis that compose 
this muscle spread out m a fanhke direction from each ureteral orifice 
Some ot these fibeis spread medially fiom each uieteral orifice, meeting 
and foiming MeicieTs intra-ureteiic bai Some fibers iiiteilace m tlic 
middle of the trigone with the conesponding fibers of the othei side 
and still others pass dowmwmid into the urethra to foiin the muscles of 
Bell The muscles of Bell on each side apparently comeigc at the 
Acsical neck to form a thickened layei of muscle passing oicr the 
poster lui edge of the Aesical oiifice knowm as the uvula of Lieutaiid 
The mucous membiane of the trigone difiters maikedlv from that of 
the lemaindei of the bladder m that m the formei instance it is nr 
more intimateh adheient to the subjacent tissues and does not picscnt 
am uigae when the bladdei is einpt), thus pieienting an) prolapse o 
the mucous membiane into the aesical orifice dining micturition 
T/u Inteinal T^'csical Sphincter — The internal vesical sphincter 
made up of muscle fibeis fiom the external longitudinal and 
ciicular laxers of the bladder musculature Most of the fibeis troni 
exteinal longitudinal laxcr on the posterior surface of the bladdeM’^^^ 
downward to end abrupt!) in the region of the xesical neck 
fibers from this laxei pass along the posterior surface of tic in 
to the xesical neck where the\ dnerge slighth and pass dowiiwar 
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fonvard on either side in the foim of musciilai bands These bands 
swing medially to form a continuous loop oi arch about the uiethra at 
Its very upper limit just bej^ond the prostate This musculai loop is 
known as the external aicuate muscle of the vesical oiifice The fibers 
from the internal circulai layei of the bladder pass aiound the bladder 
neck down to the vesical oiifice at which point it becomes a thin band 
lying inside the loop formed by the fibeis from the external longitudinal 
laj'^er (as previously described) The inner thin loop is knoun as the 
internal arcuate muscle of the vesical orifice The formation of this 
muscle IS dependent on some of the fibers of the internal circular layer 
on the posteiior surface of the bladder passing downward and toiward 
in an oblique direction in the foim of a loop oi arch in front of the 
uiethra in the region opposite the verumontanum (fig 1) 

There are elastic tissue fibers interspersed among these smooth 
muscle bands at the vesical orifice, and, in addition, some ot these 



Fig 1 — Diagrams to show the effect of contraction of the trigone in opening 
the internal vesical sphincter A indicates the trigonal muscles passing through 
the lateral muscles of the sphincter and over the uvula vesicae, B, the effect of 
contraction of the arc-shaped trigonal muscle, viz, to pull dowm the mula \esicae 
and open the sphincter, C, cross-section of the vesical orifice (V) showing the 
upw^ard pull of the loop from the circular muscle (CM) and the opposing action 
of the longitudinal muscle (LM) loop (After Young Practice of Urology, 
rol 1, figs 3 and 5 ) 


elastic fibers from the external longitudinal lajei of the bladder pass 
downward to form an interlacing network between the deepei layers 
about the vesical orifice 

The internal vesical sphincter is thus composed of two loops of 
smooth muscle the external arcuate muscle of the vesical orifice 
derived fiom the external longitudinal layer of the bladder and the 
internal aicuate muscle of the vesical orifice denied from the internal 
circular layer of the bladder The internal sphincter is in reality a 
surgical designation and not an anatomic entity, since it is not a simple 
circular sphincter, like the sphincter am, with an origin and an insertion 
in itself Its function will be discussed later 
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The Extiinal Sphincfei of the Bladdei — ^The external sphinctei 
situated at the level of the tnangulai ligament and is composed of 
stnated voluntai \ muscle It is innei\ated by the internal pudic nene 
This sphincter has its oiigm in a group of stnated muscle fibers that aie 
slightly anterioi to the external arcuate muscle of the vesical onfice at 
its medicolateral aspect These fibeis pass in a circular diiection in 
1 elation to the uiethra and at fiist do not surround the luethra eiitireh 
As the} pass downward and forward to the apex of the prostate, tlie\ 
mciease m number and completely sui round the uiethra, and at the lei el 
of the tnangulai ligament they form a thick circular band with a 
laphe due to the interlacing of fibers from each side 

The Coinpi essoi Uiethiae — The conipiessor uiethiae is composed 
of stnated voluntai} muscle fibeis which covered the entire meiii- 
liianous urethia It has the same origin as the external sphincter and 
IS essentially the stnated muscle fibeis that are first posterioi to and 
lead up to the external sphincter In the literature there is a decided 
tendency to an interchangeability of the terms, conipi essoi urethiae and 
external sphincter, and very often both are included undei the name ot 
either muscle This may be easily understood when one lealizes that 
both muscles have the same origin and innervation and essentialh the 
same function 


Intrinsic Smooth Muscidaturc of Postenor UietJua — In addition to 
these striated muscle fibers, the uiethra has a well defined internal 
longitudinal and poorly defined circulai layei of smooth involuntan 
muscle which aie derived from the muscle layers of the bladder and 
trigone The innei longitudinal layer of smooth muscle on the antenoi 
aspect of the postenor urethra is dern^ed from the external longitudinal 
la\ei of the bladder, and on the posterior aspect from the trigonal 
muscle as it passes down over the posterior margin of the ^es!cal 
orifice The inteinal longitudinal muscle fibers extend down to the 
membianous urethia ending m the legion of Cowper’s glands There 
are also a fe^^ circular smooth muscle fibers surrounding the iiretlira 
111 the region of the ^eslcaI sphmctei which are deined from the 
muscular components of the arcuate muscles at the vesical orifice ^ 
prostatic urethia foi a short distance extending from the \esical on cc 
to a point about half way down to the a ei umoiitaniiin is deaoid 
fibers derued from the internal circular layer of the bladder Ho" 
eaer Young and YYsson haae pointed out that the fibeis from this a\cr 
extend into the prostate gland avhere their course cannot be 
and It IS ver) likeh that these circular fibers haae been inaaded an 
toited b\ prostatic tubules and that the composite mass represent'- 
prostate gland 

The tno laaers of intrinsic smooth muscle in the posterior 
together with the internal aesical sphincter are innercated b} ni 
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thetic fibers from the infeiioi mesenteiic and fiom piostatic and 
ca^einous plexuses through the Iwpogastiic plexus 

THE MECHANISM OF URINATION 

The correlation of ph 3 'siologic and neuio-anatomic studies uith 
C}stoscopic and surgical observations has served to clarify the complex 
mechanism of urination In this respect the obseriations and studies of 
Young and Wesson Graves and Davidoft Rose and Deakin, Elliot and 
McClintic are of great lalue The nervous and musculature mechanisms 
imohed in the act of urination are rather complicated and recently 
ha^e been the suhiect of comprehensu e study While complete infoi- 



Fig 2 — Detrubor mechanism (ner\e supplj) H P indicates the hjpogastnc 
plexus , IMP inferior mesenteric plexus The neri e fibers are indicated as I, 
inhibitor , C, contractor , I S , internal sphincter E S , external sphincter , BUM, 
bulbo-urethralis muscle, and S, the sensorA muscle (After McClintic J Urol 
20 269 tSept ] 1928 ) 

mation is still lacking seveial facts haAe been clearh established in 
regard to urination In the following discussion it is otii intention to 
present a brief retieu of the accepted facts and theories conceniing 
urination 

\ei-ve Supply of the Bladdet (fig 2) — Studies re\eal that the 
bladder has a bilateral nerve supph as each half of the bladder has its 
oun innertation The trigone has a iicher nerve supph than the 
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remainder of the bladder The main neive trunks entei the bladder in 
the region of the ureters after passing thiough the peripheral ganglions 
found about the base of the bladder There aie tuo sets of nenes 
suppl}ing each half of the bladder 

1 The pai as} mpathetic nei \ es, known as the peh ic splanchnic nei \ es 
or nei VI erigentes, are made of fine medullated fibeis which are derued 
ftom the anterioi blanches of the sacial plexus at the level of the second, 
thud and possibly the fouith sacial nerves These nenes pass to the 
pehic 01 h}pogastric plexus at the base of the bladder 

2 The sympathetic nerves (hypogastric nerves) aie ot the non- 
medullated t 3 ’’pe and ause fiom the white lami cominunicantes ot the 
lumbal nenes They pass thiough the aoitic plexus to leach the 
inferior mesenteric ganglion From this ganglion, two main iicnc 
trunks (hypogastiic nerves) pass down along the sides of the lectum 
one on each side, to the pelvic plexus 

In the pelvic plexus, one finds that the spinal fibeis unite with the 
s\ mpathetic fibers, and the nerves fiom the pehic plexus to the bladdei 
are mainly nonmedullated fibers Three ganglions of the pelvic plexus 
are especially concerned in the innervation of the bladder 

(a) The superior (oi rectovesical) ganglion, which lies in trout ot 
the rectum and sends a few fibers to the super loi surface of the bladder 

(b) The major \esicosemmal ganglion, which lies on the base of 
the bladder and supplies the superior, lateral and anterior bladder 
surfaces 

(c) The minoi vesicoseminal ganglion, which lies on the base ot the 
bladder but more mesial than the previous ganglion and sends fibers 
to the base of the bladder and to the ureters 

On reaching the bladder wall, all the ner\es divide into main fine 
blanches which are distiibuted to the ^allous layeis of the bladder ihc 
nerves transmitting sensori impulses are found m all four layers ot the 
bladdei The motoi nerves lelay in the ganglions and plexuses ot the 
outer lajer of the bladder and from here send fibers to the nnisciilaturc 
of the bladder In the submucosa are found several minute ganghou 
from which filaments arise and penetrate the mucosa to end bttwten 
the epithelial cells The mhibitor) fibers terminate m the miisciilat coat 

The afterent bladder impulses leach the spinal coid through 
neries The majoriti of the afterent impulses pass through the pc oc 
splanchnics (iierM erigentes) to reach the cord by uav of the po ter ^ 
roots of the second thud and possibly the fourth sacral neric'- 
small number of these impulses are thought b\ some ol 3 sener^ to pa^^^ 
through sensorj filaments m the hjpogastnc plexus to reach the cor 
b} wax of the tw'elfth thoracic and the first and second lumbar nicxt 
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These sensoiy neuions end (a) in the second, third and fourth 
sacral segments of the cord, and (b) in the twelfth thoracic and first 
and second lumbar segments of the coid They make connections with 
the motor neuiones in the ventral horn cells of the cord directly as 
a reflex arc or by association paths as a part of a reflex system Thus, 
when the posterior loots of the nen'^es supplying these spinal segments 
are stimulated, the motor fibeis to the bladder m the anterior roots 
of the nerves are reflexly excited 

The association tiacts connecting the thoracolumbai and sacral parts 
of the cold are the intiaspinal tracts found in a solitary spinal fasciculus 
The latter tract is an association path which connects not only the 
visceial centers of the different levels of the spinal cord but also those 
of the medulla oblongata, forming a continuous visceral mechanism 
As McClintic points out, the mechanism so formed is protective and 
automatic and represents the mechanism of instincts also described as 
the primitive reflexes or the mass leflex s)stem 

The efferent or motor paths from the cord to the bladder are also 
confined to the parasympathetic system (nervi erigentes) and the sympa- 
thetic system (hypogastric nerves) Their various pathways through 
the intrinsic and extrinsic ganglions and their excitator and inhibitory 
elements are considered later in relation to the emptying and filling 
mechanisms of the bladder 

In view of the foregoing observations, we can say with some degree 
of certainty that the spinal cord center for micturition is found m the 
lowei part of the cord (lumliosacral region) and is more or less localized 
to separate segmental areas (a) the center for “the bladder-filling 
mechanism,” localized in the twelfth thoracic and first lumbar segments 
and controlling the sphincter area, (b) the center for the emptying 
mechanism of the bladder, localized to the second, third and fourth 
sacral segments and controlling the detrusor muscle Halliburton 
(quoted by Graves) considered the sacral segment of the cord as the 
spinal center for micturition, for he maintained that the micturition 
reflex remains intact in animals whose cord is cut across in the lower 
lumbar region Starling (quoted by Graves) expressed the belief that 
the lumbosacral legion serves as the spinal center, since micturition is 
possilile when the thoracic portion of the cord is severed and the reflex 
arcs of the lower cord are left intact 

The cerebral centers for urination are less clearly defined 
Kietschmer quoted Czyhlarz and Maibur)' as claiming the existence of 
thicc such ceiebral centers a center in the cortex of the motor area 
\\ here the arm center goes over into the leg center , a center in the corpus 
striatum and a center in the optic thalmus Tigerstedt (quoted b\ 
Graees) suggested a center in the anterior part of the sigmoidal g>rus 
since stimulation of this area in a cat produces contraction of the bladder 



740 


ARCHIl ES OF SORCERY 


^^lth the impulses passing thiough the thalamus, ciura, cerebii pons 
and medulla to the cord The spinal path for motoi impulses Iroin 
the hi am to the bladdei is geneially conceded to be m the posterior part 
ot the pyramidal tract of the lateral column 

Ncuiomuscidat Mechamsm (Fig 2 ) — The bladder, like the ami« 
and the uterus, has a combined voluntary and involuntaiy meclianisin 
In the bladder, this mechanism is called the detrusoi mechanism and 
IS made up of a filling and empt}ing system Both the filling and 
emptying mechanisms consist ot an inhibiting (relaxing) and an e\cita- 
tor (contracting) element which aie coi related The bladder, like othei 
wsceia, has a double innervation wherein impulses transmitted thiough 
a paias3'-mpathetic S3''stem aie antagonistic to those transmitted thiough 
a sMupathetic system 

The filling mechanism is entirel3'' involuiitai^’^ (automatic oi auto- 
nomic) The center foi this mechanism is located m the twelfth thoi- 
acic and fiist lumbar segments of the spinal coid The “nenes ol 
filling the bladdei” are sympathetic in chaiacter and are called the 
Itypogastnc nerves which ate derived from anterior loots of the spinal 
neives from the aforementioned spinal segments These nerves pass 
through the inferior mesenteric ganglion and plexus to supply the blad- 
der and internal sphincter The mhibitoiy fibeis relay m the peripheral 
ganglion (inferior mesenteiic ganglion) to end in the musculai la\ei 
of the bladder The excitator (coiiti acting) fibeis rela3^ in the intiinsic 
(bladder) ganglion and suppl3' the internal vesical sphincter Stim- 
ulation of the “neive ot filling” pioduces a lelaxation of the bladdei 
wall (detrusor) and a contraction of the internal vesical sphinctei 

The emptying mechanism is partl3'’ mvoluntar3^ and parth lolun- 
tar3 The iiia oluntar3'' part ditters from the filling mechanism m that 
the center for the empt3ing mechanism is m the second, third and 
tourth sacial segments of the spinal coid, and the peiipheral ganghon*' 
and plexuses aie m the pelvic (h3^pogastnc) plexus The emptimt^ 
and filling centers are connected b3'’ means of an association patlu\a\ 
(sohtai3 spinal fasciculus) oi an intraspmal tract of association filler^- 
The ner\es of empt3ung concerned m the mvoluntar3 S3'stein aie jiara 
sMupathetic in character and are called the nerM erigentes (pch>^^ 
splanchnics) Inhibiton- fibeis of these neries pass to the inttrna 
\ebical sphincter aftei rela3ung m the peripheral ganglion (hipogn'^tri 
plexus) The excitator fibeis rela3 m the intrinsic ganglions ot t 
bladder ualls to end m the musculai coat of the bladder Stiinii 
of these paras3 mpathetic nei\es of emptying causes a contraction 
the bladder ( detrusor) and a relaxation of the internal i c^'ical sp 

The ioluntar3 part of the empt3mg mechanism imohes two^^ 
ated muscles external lesical sphincter (compressor urethrae) 
hulbo-urethralis (accelerator unnae) muscles uhich arc supp 
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the perineal branch of the internal pudic ner\e, a spinal ner\e The 
-i^olniitary S3^steni also has its center in the second, third and fourth 
segments of the spinal cord The peripheral afferent or senson path 
of the involuntary system is essentiall} the same, ph} siologicalh as 
the involuntary system of the emptying mechanisms, for the sensoi} 
neurons from these areas make the same local connections m the 
second, third and fourth sacral segments, but in addition it makes con- 
nections with the sensory areas of the cerebrum 

The efferent or motor path of the voluntary s\stem, however dif- 
teis, as 111 the former instance the motor neurons pass directh to the 
muscles without rela3ing m the extrinsic ganglions or ending about 
intrinsic ones The excitator and inhibitor3'- impulses to these muscles 
originate m the cerebrum and the spinal cord centers b3 i\a3 of the 
pyramidal tracts The cerebral center for inhibition of the loluntan 
pait of empt3mig mechanism is presumabh’^ in the frontal area The 
mhibitor3^ impulses transmitted through the p3 ramidal tract serve a 
double purpose (a) The3’’ peiinit the voluntar3" muscle to relax Mhile 
their functional antagonists contract and (&) the3 inhibit reflexes It is 
thought b3'’ some observers that the sensation of pain m the region of 
the bladder is transmitted through the pudic nene Stimulation of 
this nen^e causes a contraction of the posterior uiethra nhich is 
of short duration 

In other words, the detrusor mechanism is a diphasic mechanism 
and consists of two parts, a filling and an empt3mg S3'stem The fill- 
ing of the bladder is an imoluntar3 phenomenon which requires a 
lelaxation of the musculature to permit distention and a contraction ot 
the interior A'^esical sphincter to keep the bladder closed When the 
bladder is distended, the internal involuntar3'- sphincter relaxes as a 
lesult of reflex stimulation of the spinal centers In afferent bladder 
impulses, and unless urination takes place furthei closure must be 
maintained 113 the external ■\oluntar3'' sphinctei The empt3ing ot the 
bladdei is in part involuntar3'- and in part voluntar3 The in\oluntar\ 
s\stem requires a contraction of the bladder musculature and a relax- 
ation of the internal ^eslcal sphincter w^hich is combined with a relax- 
ation of the external lesical sphincter 

The Musculo) Mechamsm of Uiuiatwn (Ftgs 3 and 4) — The mus- 
cular mechanism in the act of urination functions in an orderh man- 
uei In the noimal male, micturition is voluntanl3 initiated In the 
first motion there is a voluntar3 depression of the internal sphincter 
and prostatic uiethra In the leiator prostatae (a portion of the leiator 
am muscle) and to a less extent 113 the recto-urethralis muscle This 
lesults in a downward depression of the internal orifice and a straighten- 
ing out of the curve of the prostatic urethra to overcome the resistant 
angle of the membranous urethra wdiich is depressed b\ the deep trans- 
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\erse peimei muscles The actual empt3mg of the bladder is the result 
of an mvoluntar} mechanism which requires an mlnbition (relaxation) 
of the internal sphmctei and a simultaneous contraction of the whole 
bladder musculature (detrusor) This latter mechanism is dependent 
on aflerent stimuli caused by the distention of the bladder reaching the 
spinal cold centeis through the sympathetic system, and here, through 
mtersegmental (reflex) connection, effeient impulses arise which 
cause the trigonal muscles to contract The contraction of the trigonal 
muscles results in the opening of the internal sphincter and foreshorten- 
ing the posterioi uiethra above the verumontanum The contraction of 



Fig 3 — jMictuntion, sphincter closed Note the angularity existing between 
the pendulous urethra (at bulb) and the prostatic urethra RU indicates tie 
recto-urethralis muscle, LP , the levator prostatae (striated) muscle 
the lerator am muscle) , EV S , the external vesical sphincter (striated) , ' 

the internal \esical sphincter (nonstriated), with LM, longitudinal ’ 

and C M , circular muscle, T M , the trigonal muscle, P , the prostate, 
the otaculatorv duct, N F, the seminal vesicles, Ui, tlie ureter, T , 
angular ligament (two layers), Bladdo LM, the 
Bladdii C 1/ the circular muscle (After Redew ill J A M A 9 
22] 1928 > 

the tngunal muscles is associated with or institutes the 
the bladder wall (bv the action of the paias3mpathetic nericsj 
external sphincter which is undei t olitional control then re a'we 
the bladdci is emptied Dunng urination, the striated muse 
the pn^teiinr uiethra (compressor urethrae, biilbocai ei nosiis a 
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^erse permei muscles) are in a state of relaxation, for by a ’loluntar}’’ 
contraction of these muscles the stream can be cut oft at will When 
the bladder is emptied, the internal sphincter closes and the last portion 
of urine escaping from the bladder into the urethra in the male is 
ejected m spurts due to the rh;ji;hmic contractions of the compressor 
urethrae and the bulbocavernosus muscle Following this, there is a 
relaxation of the entire Aoluntary musculature including the external 
vesical sphincter The bladder now returns to a state vhich will per- 
mit filling and distention 

Young was the first to emphasize the role of the trigone in the 
mechanism of urination His original obserratious on the action of 



Fig 4 — Micturition, sphincter open The nomenclature is the same as in 
figure 3 Note the angulariti of the prostatic urethra reduced uith the sphincter 
relaxed, the urethra becoming almost a straight tube during micturition ( After 
Reden ill JAMA 91 1960 [Dec 22] 1928) 

the trigonal muscle were made on a patient who had a Molent desire 
to \oid during a cjstoscopic examination He obsened a Molent con- 
traction of the trigone and Bell’s muscles and a thickening and shorten- 
ing of the ureteral ridges and Mercier’s intra-ureteric bar He noted 
that the posterior hp of the \ esical orifice flattened out and disappeared 
due to the contraction of the trigonal muscle which, as has been 
described before, passes downward oier the posterior margin of the 
lesicai orifice into the posterior urethra m the form of an arc B\ its 
contraction, the trigonal muscle pulls down on the internal i esical ori- 
fice and opens the sphincter, forming a triangular wide open hole 
through wdiich the urine ma\ escape Its contraction afto causes a 
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shoitemng’ of the posterior methia theieby pulling the ^ euimontanum 
up almost into the bladdei These observations were confirmed b\ 
Young and Wesson in then extensive stud} of the trigone 

Mict tuition Reflexes — It is of historical interest to lecall the theoii 
ot tlie mechanism of urination adranced by Goetz in 1874 He main- 
tained that distention of the bladdei eventually produces a reflex coii- 
ti action of the bladdei walls which squeezes a few drops of urine into 
the jiosterior urethia and that the desiie to loid arose from a stimula- 
tion ot the senson nerves of the posteiior urethra This view found 
suppoit in the fact that stimulation of the posterioi urethia by instru- 
ments chemicals or inflammatory reactions causes a desire to loid 

The fallacy of this theor}^ is eiident when one considers that women 
ha\e 11(1 prostatic urethia and that in many males the prostatic urethia 
tails to lespond to am stimulation Walker has also pointed 
out that 111 cases in which the entne piostatic urethra was remoied 
dining a suprapubic pi ostatectoiii} theie was no appreciable difference 
m the sensation to void He also pointed out that in many cases of 
supiapubic prostatectomy the piostatic urethra became a part of the 
bladdei and natuialh held some uiine, let the desire to loid came onh 
when the bladdei was distended 

111 1882, jMosso and Pellancam studied the volume of the bladdei 
m women with the aid of a catheter, and wmre the first to show' that 
the desiie to loid aiose from stimulation of the sensory nerves of the 
bladdei This theoiy has lecened geneial acceptance, and its lahdih 
has been subtantiated In the work of the recent contributors to thi 


subject 


The iioiniai voiding leflex is initiated b} a conscious sensation 
of tuhiess w'liich stimulates the sensor} nenes of the bladder The 
amount ot uniie necessar} to induce this sensation of desire to lOid 
is not constant but laries greath in the same or difteient persons I hi 
determining tactoi is the intia\esical pressuie rather than the loliiiui 
ot mine in the bladdei The thieshold of intiaiesical pressure i' 


dependent on the degree of iiritabiht} manifested by the liladdcr walk 
Gia\es and DaMdoff have made a comprehensive studi of t^i^ 
1 espouse ot the lesical musculatuie to normal distention fhcir 
Studies re \ cal that the filling of the bladdei is not a passne 
ratlwi <i distinct muscle actniti as characterized bi rlnthmic wau i 


contractions These contractions are teeble as filling begins but bccoiu^ 
more maiked as the degree of distention increases The cantractiou 
do not imoke a conscious sensation or desire to loid until the up) 
limits (U bladdei distention aie reached '\^ hen the 
lesical distention is reached all rhithmic contractions cease aiv 
dee clops a tonic sustained contraction of the bladder walls on 
tents It Is at this point that mictuntion normalh takes place 
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authois point out that during the period of gradual filling, the bladdei 
response is immediate and is manifested b) an increase in the length 
of the muscle fibers without materiall} changing the tension When 
the bladder distention approaches the maximal capacity, the i espouse 
IS isometric as the fibers maintain the same length and lespond to 
stretching force (distending fluid) b} a rapidly increasing intravesical 
tension Thus it is that the intravesical pressure is the controlling fac- 
tor in urination, for the maximum capacit} of the bladder at a given 
time IS solely dependent on the tone of the musculature Micturition 
ensues only when the sustained contraction of the bladder wall has 
attained a ceitain degree of intra\esical tension 

The foregoing facts have been substantiated by Rose in his recent 
cystometnc studies He noted that as the normal bladder was filled at 
a constant rate there was a gradual increase in the intravesical pres- 
suie to the point of sensation of the fiist desire to void At this point 
the ^olume of fluid m the bladder laries from 125 to 175 cc with an 
average pressure of from 5 to 15 mm of mercurj'- If the filling of the 
bladder is continued beyond this point, the intraAesical pressure aiises 
more lapidh until the patient expels some of the fluid around the 
cathetei, or until the point of normal contractibiht} of the bladder is 
overcome, at which time the pressure mounts very rapidly from 40 to 65 
mm of mercur} and the patient then complains of severe pain until 
relieved It has been frequently observed that a rapid filling of the 
liladder through a cystoscope or catheter or the use of irritating solu- 
tions will induce an imperative desire to vmid before the desired volume 
of fluid has been introduced Likewise, lapid diuresis will cause fre- 
quent micturition through a stimulation of the bladder musculature bv 
a smallei amount of fluid than normal 

When the bladder is empt}'^ or is undergoing gradual distention 
the bladder musculature (detrusor) is in a state of relaxation and the 
inteinal sphinctei is m a state of tonic contraction controlled bv the 
true svmpathetic fibers (hypogastric nerves) As the bladder under- 
goes complete distention and the intravesical pressure increases, the 
ihvthmic contractions of the bladder walls give rise to afferent impulses 
which pass chieflv b} w^a}’^ of the pelvic neiv^es to the sacral portion of 
the cord (and perhaps to a lesser extent bv h}pogastric nerv'es to the 
twelfth thoracic and first lumbai segments) and thence to the higher 
cranial centers These afferent impulses aie increased as the bladdei 
becomes full) distended and emptving of the bladder takes place as 
the lesult ot leflexes set up in the low'ei sacral coid These stimulate 
the sacial parasv mpathetic fibeis of the neivi engentes supplving the 
bladdei and thus cause a contraction of the bladder wall and a relax- 
ation ot the Intel nal sphincter This leflex em]itving of the bladdei is 
accompanied normallv bv a vohintarv effort which is the result of 
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afterent impulses fiom the distended bladder leacliing the cercbium 
and giving rise to the conscious desire to ^Old The} also gue use to 
efferent impulses which cause a conti action of the abdominal and lespir- 
aton muscles thereb}" mci easing mtra-abdommal piessure and aiding 
in the contraction of the bladdei 

The contraction of the abdominal walls, howcAer, is not an essential 
part of the act of urination, for the emptying of the bladdei ina} be 
entirely reflex depending solely on the intravesical pressure \Mien 
the mtra\esical pressure reaches from 20 to 30 mm of meicun, the 
bladder will contract and force the urine through the Aesical oiifice 
and urethra The reflex empt}ing of the bladder may be inhibited 
under certain conditions as the bladder is very sensitn^e to reflex 
stimulation of pS}chogenic oi sensory origin, which may produce con- 
siderable and continual changes in the size and tension of the bladder 
It IS well known that stimulation of any sensor}’’ peripheral nene will 
cause a contraction of the bladder The thought of voiding, the sound 
ot running water, emotional states (fear, fright, anger, etc ) niai 
induce a desire to urinate when the bladder contains but little urine 
In such instances, if mictuiition is prexented by a Aoluntan contrac- 
tion of the stiiated muscles about the posterior uiethra, the bladder 
ma} relax and the attendant sensation of fulness uith the desiie to loid 
will pass aw^ay until the urine accumulates wuthm the bladdei to a 
point Avhere the intravesical pressure causes a normal sensation of tul- 
ness and a desire to void In othei instances, urination ma} occur 
before the bladder has accumulated enough urine to initiate the cinpti- 
ing reflex, either by loluntary effort or by virtue of sensor} impulses 
originating in the other parts of the body and affecting the spinal ccii- 
tei m the same iva} that impulses from the bladder do 

Othe) Mechanisms of Uiinatwn — ^Iii the foregoing pages wc li.tic 
desciibed in detail the normal mechanism of urination wdiich results 
trom Aoluntar} effort acting on the spinal centers and reenfoiccd b' 
the contraction of the skeletal muscles In addition to this mechaiusin 
two other mechanisms wull be considered (1) intrinsic bladder 
mechanism (as in the Goltz and Ewald dogs), and (2) reflex automatic 
bladder resulting from Aisceral afterent and efferent impulses 

Intrinsic Bladder IMechanism This system of bladdcr-empti m& 
natural!} infers an automatic nenous apparatus confined within tje 
bladder w alls i e , intrinsic nerve plexus Von Zeiss! (quotef 
Kretschmer) was able to isolate complete!} the bladder of dogs iroi^ 
all ner\e connections with the central nenous and autonomic 
and found that after an inten'al the} were able to retain 
and to urinate Goltz and Eiiald remoAcd the lumbar and sacra 
ments of the spinal cord in dogs and obsen ed that after a 
but temporarv retention of urine the dogs gradual!} dei elope < n • 
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matic contiaction of the bladdei awd in a few months weie able to 
inmate regulaily and peiiodicalh Giaies pointed out that such auto- 
niaticity must be attributed to the inheient piopeities of the bladdei 
muscle fibers which aie most likely controlled by the intrinsic nerve 
plexuses which exist thioughout the vesical musculature Stalling 
(quoted by Giaves) stated that m a bladdei severed fiom its connections 
with the cential nenous’ sistem, the automatic rhythmic conti actions 
caused b} the accumulation of uime m the bladdei gradual!} increase 
in force until one of the conti actions is able to overcome the lesistance 
of the toiiically contracted inteinal sphmctei Although urination fol- 
lows in such cases, the bladdei is not completely emptied as the intia- 
lesical piessure falls rapidly to a level too low to maintain the patency 
of the mteinal sphincter Consequently, there is aluays some residual 
urine The intiinsic automatic bladder may follow a complete tians- 
verse lesion of the spinal cord beloiv the level of the twelfth thoracic 
segment, and clinically, is encounteied m cord tumors, injuries of the 
cord, varicose leins of the coid, degenerative lesions of the cord, local 
aiachnoiditis, etc , where the lumbosacral portion of the cord is involved 
Automatic Reflex Bladdei This type of emptying mechanism is 
puiely involuntar}, since it is operated from the cord (fig 2) Theie 
is a complete dissociation ot the voluntaiy portion of the noimal 
emptying mechanism operated from the ceiebrum, for as long as cere- 
liral connections with the bladder are intact, an automatic reflex blad- 
der is impossible Automatic leflex micturition is possible, provided 
the reflex centers in the spinal cord are pieseived and functioning 
The automatic leflex bladder is the functional empt}'mg mechanism in 
infants and is considered a part of the piimitive mass reflex system 
Following injuries to the spinal cord and disease of the cord aboie 
the level of these leflex centers, the bladdei is no longer undei loli- 
tional control In other woids, tiansieise lesions of the cord below 
the level of the led nucleus as far down as the leiel of the twelfth 
thoiacic 01 first lumbai spinal segments results m the establishment of 
an automatic leflex bladder and is usuall} associated wnth flexoi spasms 
tind bW'eatmg below the leiel of the lesion The amount of urine that 
the bladdei can hold under such conditions varies, but usualh is about 
liom 200 to 250 cc How^eiei, this mechanism of automatic emptiing 
of the bladdei is dependent inainK on the intimsic actnity of the blad- 
der musculatuic and fiequenth proies inefficient due to a maladjust- 
ment of the reflex mechanism accompaii} mg the shock of an injur} to 
the spinal coid In such cases, the urine accumulates until the intra- 
lesical piessure is gieat enough to foice open the internal sphincter 
allowing the mine to dribble out feebh, and as a result the bladder is 
mcompleteh emptied and a var}nng amount of residual urine is left 
behind as a focus for infection 
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It i'5 mteiesting to note that incomplete transverse lesions (1) ol 
ceiebral origin tuinois, cysts, aneuiysms, eye strain, stiabismiis, cir- 
cumscribed aiachnoiditis, etc , (2) of ceiebellai oiigin tumor, cysts, 
hemorrhage, etc , (3) of vestibulai oiigin eai and canal lesions and 
(4) ot spinal oiigin tabes, syimgonn'eha, etc, aie neier associated 
with an automatic reflex bladdei but may and often do lesult in incon- 
tinence enuiesis and letention McClmtic stated that local organic 
ner^e lesions oi iriitations ma} cause a spastic bladdei (so-called vago- 
tonia) enuresis and incontinence Head maintained that nritation of 
the parasympathetic nerves is the cause of bed-wetting, an incontinence 
of uiine frequently associated with the desire to void, whereas stimu- 
lation of the s}nipathetic nerves causes a paradoxic incontinence (large 
lesidual with overflow) 

77ic Role of the Internal and Erfcinal Vesical Sphincteis in Maiit- 
tiuning Bladdei Closnie — It is of moie than passing mteiest to note 
the piogiess of investigation into the noimal functions of the vesica! 
sphincters A rcMCw of the hteiatuie on the subject leveals mam 
conflicting opinions as eMdenced b} the fact that at various times the 
noimal contiol of uiination and mechanism of retention of urine has 
licen attiibuted to eithei the inteinal or external vesical sphincter 

The contention that the internal vesical sphincter can vohtionalh 
control 111 Illation by maintaining bladdei closure has now been clefiniteh 
estalihshed b} expeiimental, i oentgenologic and operative observations 
Rehfisch, in 1897, ivas the fiist to prove that the internal sphincter n 
capable of voluntai} contraction He introduced a metal catheter into 
the posteiioi uiethra, so that its opening was beyond the evternal 
sphincter but not quite up to the internal sphincter, and noted that the 
jiatient could control voiding peifectl) Prior to this. Born, b\ his 
jiiastei of pans injections of the bladdei in cadavers, and Barkov 
Henle and Kohliausch, b}'- their anatomic studies of the lesical neck 
considered the internal sphinctei the point of normal closure of tlic 
bladdei although they differed as to the exact stiucture of this sphincter 

Further confiimation of the noimal function of the mtcina 
sjihinctei m maintaining closuie of the bladdei was obtained 
roentgenologic studies of Voelcker and Lichtenberg in 1907 
filled the bladdei ivith 5 per cent collargol and showed that the 
sphincter maintained closure of the full} distended bladder and at t 
''aine time the\ showed that the outline of the noimal bladder was pea^ 
shaped being broad above and narrowed dowm at the lesica ne 
The\ weie unable to show a funnel-shaped formation mth 
of the internal Acsical sphincter when the bladder was fulh 
Other nnestigatois (Leedham-Gieene Bariinger and ilacKce. 

.md MacKinnex and HMuan) woiking along similar hues anc 
the same nr different opaque mediums in the bladder con irnicf 
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results However, one notes a chtteience of opinion as to the shape 
of the blacldei when full) distended Baninger and J\IacKee. and 
Hyman ha\e confirmed the oltsei vations of Voelckei and Lichtenberg. 
whereas Leedham-Greene and Uhle and MacKinney found the bladdei 
to be o\al, appioaching a lound form Legueu desciibed a ie\eise 
type nith the Idadder bioad at the base and nanow at the fundus as 
chaiactenstic of the normal patient in prone position T}pical C}Sto- 
grams ot normal bladdei s in our studies can be seen in figiue 5 

Furthei support of the ability of the internal sphinctei to main- 
tain bladder closuie is found m obseiwations on the mechanism of con- 
trol of urination following various opeiative pioceduies Young has 
repeatedly pointed out that m a piopeily peifoimed peimeal piosta- 
tectomy m which the tuangular ligament compiessoi uiethiae and exter- 
nal sphincter have been retracted along with the tiansveise peimei 



Fig 5 — formal c\stogranis obtained b\ injecting from 300 to 350 cc ot 3 5 
per cent sodium iodide solution through a soft rubber catheter vith the patient 
m the horizontal position Ihese c\stograms demonstrate the normal point of 
bladder closure at the internal sphincter in the fulh distended bladder The con- 
tour of the bladder approaches a round form 


muscles and in which a small slitlike incision is made into the jiostciior 
urethia ncai the apex of the piostatc it is not uncommon to sec the 
patient legam contiol of the inteinal sphinctei in a few daes Thus 
the patient is able to letain his uiine within his bladdei oi to expel it 
voluntaiiK fiom the perineal wound and in some instances e\en to 
close the bladdei aftei pait of the mine has been passed Follow mg 
an exteina! uiethiotome (for stnetnres of posteiioi uiethia) wheiein 
the external sphinctei is cut oi damaged but the internal sphinctei is 
presell ed noimal eontiol of uimation ensues and incontinence ol 
urine raieh occurs except m those cases ot stnctuie in which the 
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mteinal sphincter is destioyed oi damaged b} the continuous piessiue 
of uiine \Mthin a chionic distended bladdei 

It appeals that there is a unanimity of opinion conceiniiig the 
adequac) of the internal sphincter in controlling bladdei closuie in the 
moderatel) distended bladdei, but a niaiked diversity of opinion exists 
concerning the mechanism of bladdei closuie in the fully distended 
bladdei Eailiei wi iters, Gu}on, Ultzman, Fingei, Ruggles and ^Vil- 
son and ilcGiath, weie of the opinion that the inteinal sphinctei was 
too weak to maintain closuie of the bladdei undei all conditions The\ 
belIe^ed that the internal sphincter was sufficient to close the bladder 
when model ately distended, but undei full distention the internal 
sphincter w^as o\ercome and the compressoi uiethrae, and piesuniably 
the external sphinctei, w'^eie brought into action to retain the iiniic 
wuthin the bladder The}'' contended that there was a funnel-shaped 
opening foimed in the region of the vesical neck ownng to distention 
of the posterioi uiethia wuth urine and an obliteration of the interna! 
sphincter The} contended that in the fully distended bladdei there is 
a shortening of the posterior uiethia of from 1 to 1 5 cm more than 
occurs in the moderatel} distended bladdei However, this point has 
been ably refuted by von Zeissl, who has showm that this shortening is 
not sufficient to account for placing closure at the compressor urethrae 
or external sphincter wdiicli is situated 4 cm from the vesical neck, 
and that the latter distance would be the amount of contraction neces- 
san to place the closure at the external sphinctei The beliefs of these 
eailiei w^oikers w^ere substantiated m part by the w^oik of Oppenheini 
and Loew’’ on monkeys The latter Avorkeis made i oentgenographic 
studies aftei injecting a bismuth suspension into the bladdei and con- 
cluded that the compiessor urethrae prevented the escape of urine from 
the full} distended bladdei Their woik, however, wms not a'CIV con- 
clusne, and has not altered the prevailing and accepted thcorj that 
the internal sphinctei maintains xohtional control of bladder closure 

For a long time physiologists ha\e aigued against this view', mam 
taming that such a phenomenon w'ould present the paradoxic examp 
of \ohtional control of involuntai}’’ smooth muscle That such con ro 
ma^ exist is not beyond reason oi expectation and finds a coimterpar 
m the rohtional control of the muscles of accommodation of the ejc 
A likely explanation of the volitional control of closure of the bla 
br the inteinal sphinctei has been apth put forth by Cecil on the asi 
that the conti action of this sphinctei is due to a “reflex, %oluntari^ 
initiated ” 

The question of the role of the external resical sphincter m 
taming bladdei closure has long been a debatable one It has 
contended that the function of the external sphincter in contro 
urination after the internal sphincter has been rendered useless ' 
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ative inteivention oi b} continuous dilatation fiom an enlaiging prostate 
IS not the normal function of the external sphincter but meiely an 
abnormal circumstance, the external sphinctei having taken upon 
itself a leflex ability to control urination In othei words, it is nature’s 
method of compensating for a deranged internal sphinctei Never- 
theless, it has been definitely established that the external sphincter is 
capable of maintaining bladder closuie b} itself for obser\ations dur- 
ing and following suprapubic and perineal prostatectomies show that 
when the external sphincter is preserved, perfect bladder closure and 
urination results regardless of whether or not the internal sphinctei 
is p^eser^ed or injured beyond repair Young and Cecil both have 
pointed out that often following a perineal prostatectom) the internal 
sphincter is inactive and there is a continuous drainage from the peri- 
neal fistula When the fistula closes normal voiding occurs indicating 
that the external sphincter has assumed control of urination and blad- 
der closure Further confirmation of the ability of the external 
sphinctei to maintain bladder closure is found in men ^Mth deranged 
internal sphincters resulting from paralysis from a nerve lesion, for 
these men do void normally although the posterior urethra ma} be 
filled with urine Roentgenologic studies in animals and men in whom 
the bladder and vesical neck have been rendered useless by artificial or 
acquired interference with their nen^e suppl) have also confirmed the 
ability of the external sphincter to maintain control of urination and 
the retention of urine Wallace and Hyman have demonstrated hv 
roentgenograms that the external sphincter was the point of bladder 
closure after supiapubic prostatectom} 

Perhaps the most conclusive evidence of the ability of the external 
sphincter to function independently of the internal sphincter has been 
offered by Young in an experiment supplementing that of Rehfisch He 
inserted into the vesical orifice of normal men a metal tube mounted on a 
curved slender rod, thus rendering the internal sphincter functionless 
He noted that the men were able to maintain full closure of the bladder 
by bringing the external sphincter into action and also were able to start 
and stop their flow of urine at will 

It seems that undei normal circumstances the external sphincter 
supplements the action of the internal sphincter and that its assistance 
in maintaining bladder closure while very useful is not absolutely essen- 
tial 

The prepondei ance of data obtained tends to show first that the 
normal bladder closure is maintained by the internal vesical sphincter, 
second that when the internal sphincter is rendered functionless by 
opeiatue mteivention or from long continuous dilatation and stretch- 
ing b} an intravesical enlargement of the prostate the external vesical 
sphinctei is capable of maintaining bladder closure , third, that eithei the 
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intenjal or external sphincter can be lendeied non functioning and noinial 
urination and bladder closuie made to follow, proMding the leinaiiiing 
sjihmctei is in normal condition 

THE PATHOLOGY OP INCONIINENCE 

The patholog}^ of uiinaiy incontinence following prostatectoiin is 
still m its inceptive stage, although recentlj a considerable amount of 
new intorination has been obtained through the studies of Wade, 
H\man Cecil atson, Herman, Walkei, Gordon and Denslow There 
still exists an imperfect understanding of the readjustment of the mus- 
culature of the Aesical neck followung opeiative interAcntion 

It is interesting to note the various explanations for incontinence 
tollowmg pi ostatectomy that have been oflfered in the past In 1901, 
\^'’oolse}, in discussing thiee cases of incontinence following peiineal 
pi ostatectomy reported by Parker Syms, said that mcontmence ina\ be 
parti) explained by the injury to the fibers of the prostatic urethra 
and faulty healing subsequent to the operation In 1903, Lihenthai 
explained mcontmence on the basis of changes m healing at the neck 
of the bladder and urethra He belicAed that a soft succulent star at 
the neck of the bladder and posterior uiethra was inducive to a conti- 
nent bladder, but that a hardened cicatrized scar m this area would 
lead to a rigid uiethra with incontinence Moore, in 1904, stated that 
incontinence tollowing prostatectoni) is due to injury to the muscles 
or the nerxes or to the neck of the bladdei most often the lattei He 
.ilso stated that an injury to that “portion of the sphincter of the blad- 
der just below the urethra and m front of the third lobe’ ^external 
sphincter’) during operation may result m incontinence In 190i 
Ballengei and Ruggks independently stressed the necessity ot axoidmg 
injun to the external sphincter during prostatectom> Ruggles ''tated 
that the deiangement of the external sphincter maj be due eithci to an 
mjurx to the nerxe supply of the external sphincter oi to the sjihmcttr 
itself dining the manipulations incidental to remoxal of the prostatic 
enlargement especiall) m the perineal prostatectomy He wiseh sug- 
gested that m a peiineal prostatectomy the incision into the urtthr.i 
should be made as close to the prostate as possible and urged extreme 
caution to avaid stretching and laceration of these muscles 

In 1911, Proust, in writing of the complications of perineal pros^ 
tectonn stated that the mechanism of incontinence is extremeli ' ’ 
cult to understand He pointed out that the xesical neck is not t 
cause tor two reasons First the hxpertrophied pi estate causes an c\cc 
trie dilatation of the internal xesical sphincter with eientual dcstru^ 
tion and second incontinence never occurs after a siijirapubic 
tion where manipulation is confined to the xesical neck an 
prostatic urethra He maintained that incontinence following pen 
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prostatectoni} is due either to a diiect lesion of the membianous 
urethra or to an injui)^ to its neive innervation He expressed the 
belief that the occurence of incontinence following perineal prosta- 
tectom)^ IS due to the trauma incidental to a difficult operation in remov- 
ing a very large or firm prostate 

Judd, in 1911, expressed the belief that both the internal and the 
external sphincter play some part in the contiol of urine after pros- 
tatectomy He stated that m a perineal prostatectomy it is impoitant 
to preseive the prostatic capsule, especially in the region of the neck 
of the bladder, and not to save the elongated and distorted prostatic 
urethia 

Gaidnei believed that the pieservation of the compressor urethrae 
muscle following suprapubic or perineal prostatectomv insures a good 
tuntional result He attributed postoperative incontinence to the diffi- 
culty associated with the removal of a prostatic obstruction wherein 
the h 3 ^perplastic masses vveie not easilv enucleated He stated that m 
such cases injury or partial lemov^al of the aforementioned muscle 
occurred, and maintained that the injury or removal of the internal 
sphincter does not have any effect on actual muscular control of urin- 
ation 

Young (1922), m his article dealing with the operative cure ot 
incontinence, stressed the pathologic structural changes associated with 
jiostopeiative incontinence following median urethrotomy, perineal and 
suprapubic prostatectomy He mentioned the follow mg operativ e 
defects (o) a wide dilatation of both the internal and external 
sphincters, with incontinence due to lack of function of the external 
sphinctei , (&) wide dilatation of the membranous urethra due to 
division of the external sphincter posteriorly, (c) postoperative scar 
tissue in the perineum, and (c?) widely dilated internal sphincter with 
absence of the usual elev^ation of the median portion and with scar 
tissue replacing the muscle in that region 

Changes that occur at the vesical neck in cases of incontinence fol- 
lowing prostatectoni}’- must necessarilv lie determined b} a study of the 
surgical pathology of this region Such a study engrosses the obser- 
v’-ations recorded at the time of the operation, or after operation with 
the aid of the cystoscope, urethroscope and x-rays, or at autops} after 
operation Before undertaking a study of the changes associated with 
incontinence, it is fitting to discuss the structural changes that normally 
occui aftei suprapubic and perineal prostatectoni} Walker. Young, 
Hmman, and Watson have made important contributions to this phase 
of the subject, and we hav’e drawm frequent references from their work 

Changes Folloumg the Siipiapubic j\Iethod — In the v’ast major- 
itv of cases the readjustment of the musculature about the vesical neck 
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{ollo\Mng this method is manifested b> the de^elopment of a stiiictural 
defect, 1 e , a cavit} formation The presence of such cavity fonnation 
vas fiist noted b} Walkei m 1904 (quoted by Wallace in 1907), and 
later clearly demonstrated loentgenogiaphically by Wallace and Page in 
1911 and by H}man m 1914 This cavity is essentially a dilatation of the 
piostatic urethra following the enucleation of a Itypertrophied prostate 
and lesults in the prostatic urethra becoming a part of the bladder cant} 
The cavity is usually funnel-shaped and quite large, and is accom- 
panied by a widely dilated and functionless internal sphincter In a 
few cases the cavity assumes a spindle shape, is not quite as large as 
in the previous type and is associated with a contracted vesical neck 
In the vast majority of cases, the point of bladder closure is at the 
external sphmctei with perfect urinar} contiol as shown by Wallace, 



Fig 6 — Cystogram in case following suprapubic prostatectomj vith e\ce ent 
functional result The anatomic defect in the form of an enucleation cavit} 1“^ 
clearh defined Perfect bladder closure is maintained bv the external splunctcr 
This IS the type of postoperative evstogram found in the maioritj of cases o 
suprapubic prostatectomj 


Hvnian and others (fig 6) It is laie to find the internal sphincter 
restored and functioning after suprapubic prostatectom} , for the inter 
nal sphmctei is practically always destro}ed or rendered useless 
the trauma incidental to this method of enucleation Examination o 


the bladdei cavity at vai}mg mtenals aftei opeiation reveals a pc 
sistentl} relaxed internal sphincter In figure 7 a cistogram o 
mg a suprapubic piostatectomy m one of om cases is shown 
point of bladder closure appears to be at the internal 
when closch examined it is noted that some d 3 e leaks into 
cleation cant} Perfect closuie is thus maintained bv the c\ 
sphincter In this case the internal sphincter was onb paitial \ mju 
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at the time of oi^eiation and hence there is a partial lestoiation of 
function of this sphinctei aftei oj^eration 

The development of a cavit) following supiapubic piostatectomy is 
dependent on two factois (1) anatomic changes pioduced by the 
enucleation of the prostate and (2) method of packing foi conti oiling 
hemorrhage In the hands of the ordinal y supiapubic suigeon the 
enucleation is essentially a blind piocedure with division and mjur\ 
to the internal sphincter Since the piostate is normally an extia- 
vesical and extia-urethral organ subcapsulai enucleation necessanly 
requires a division of the internal si^hinctei befoie the enlarged mass 
can be shelled out In removing the Itypei ti opined tissue, particulaih" 
the portion that pushes up undei the base of the bladdei, the mucous 
membiane of the bladdei aliout the resical neck together uith the 



Fig 7 — Cystogram in a case following suprapubic prostatectomy in which no 
incontinence was present The point of bladder closure is observed at the internal 
sphincter, except for a small amount of dye which leaked into the enucleation 
cavitj Absolute bladder closure is maintained b\ the external sphincter 

dilated internal sphincter is stripped back foi some distance In 
maii}'^ instances, complete divulsion of the prostatic urethra is produced 
unintentionally and leaves a large denuded gap betu een the bladdei and 
anterior urethia The manipulation of the fingei in the posterioi 
urethra and within the prostatic capsule may cause a ^ar 3 ong amount 
of damage to the intrinsic musculature of the prostatic urethra The 
latter musculature when pieser\ed attei operation ma) play an impor- 
tant pait in assisting the pieseired external sphmctei to maintain pei- 
tect bladder closure after suprapubic prostatectomi These anatomic 
changes aid in altering the shape of the prostatic urethra and bladder 
by producing a temporal}^ loss of tomcit}’- of the musculature about 
the vesical neck and b\ delariiig healing of the structural defect about 
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Uk piostatic luethia which lesiilts fiom operation and \\hich caubo 
a break in continuity between the bladder and anteiioi uiethra 

To contiol henionhage in the supiaptibic opeiation, the prostatic 
btd lb packed very tightly from abo\e either with gauze oi a lubbei 
{ I’llchei) bag or a smooth metal cone Thus the piostatic urethra ib 
dilated and tiongated and tends to produce a maiked separation of 
lesical neck irom the enucleation caMt}^ Such a canty uoiild natur- 
alh be exaggeiated should repacking be required 

Neiertheless the existence of a cantv does not inteifeie with orpie- 
\ent pel feet uiination, piovided the integiity of the external vesical 
sphincter is pieseived When a disturbance of uiination, such as leteii- 
tion or incontinence, does occur aftei supiaptibic pi ostatectonn , it is 
practically always due to peimanent injui) to the external sphincter 
or to some mechanical inteivention with the function of this sphincter 
01 the internal sphincter in the foini of loose fragments of piostatic 
urethral or bladder tissue pioducing a ball-vahe obstuiction, or to a 
nai rowing of the lumen of the vesicoprostatic onfice produced bv stric- 
ture, bar or canop)'’ formation Howeiei, the occuiience of such 
unfavorable structural defects uithm the enucleation cavity has been 


eieatly decreased b} the recent advances in the technic of the supra- 
pubic operation wheieby the uncertainty of blind enucleation with the 
finger has been replaced by accurate dissection in a clearly Msualized 
operative field Hemorrhage at the time of operation has been coii- 
ti oiled more completely b}^ ligation of bleeding -vessels and bv sutur- 
ing the torn prostatic capsule and ^eslcal wall than by ti listing to the 
uncertainty of gauze packs 

Changes Folhtving the Penneal Method — Watson studied the 
mechanism of bladder closure following perineal pi ostatectonn and 
pointed out that there is an early readjustment of the niusculature 
about the vesical neck The point of bladder closure m practical!' 
eiei} instance is found to be at its normal site, i e , the internal icsica 
sphincter The external sphincter should be pieserved in eier} instance 
iollowmg a properly performed perineal prostatectonn The restor 
ation of function in the internal sphincter ma} take place as earb a 
three da}S after operation as manifested b} the abilitv of some patient 
to maintain bladder closure with pei feet urinary continence for one o 
two houi intenals The return of function to the internal sphnicW 
IS usually complete by three weeks after operation and persists throUj, 
out life 

In figure 8 are showm Cjstograins taken before and after 
prostatectoni) In the pieoperatne cvstograin {P)C-0), j,,, 

bladdei closure is at the internal vesical sphincter Intrav esica 
of the piostate and a small dnerticulum are also shown in this pic 
In the postopciatne cistogram (P 0) the bladder has ,ls^un 
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oval outline with some of the d3^e leaking into the enucleation caMt} 
The point of bladdei closuie is at the external sphmctei These c}sto- 
ffiams aie the usual ones found in a continent bladdei following a 
pel meal prostatectoni} where some damage to the internal sphmctei 
occuis at opeiation but the external sphmctei is pieseived 

Theie is usually no cavity formation following a piopeih pei- 
foimed pel meal piostatectoim where the mteinal sphmctei is pie- 
seued but other anatomic and structuial changes about the Aesical 
neck ma} occui which may cause some mteifeience ivith urination It 
IS geneially conceded that incomplete and irregulai enucleation of the 
prostatic mass, especially m cases with subtngonal involvement, is more 
like!} to occui after the perineal method than aftei the suprapubic 
method In some cases, the obstruction to passage of mine ma\ be 
due to loose portions of prostatic tissue and piostatic capsule left 
behind aftei incomplete enucleation of the piostate, m othei cases. 



Fig 8 — Preoperatn e (Pi c-0 ) and postoperative (P O ') o stograms in a case 
of perineal prostatectomy with a continent bladder The point of bladder closure 
IS at the internal sphincter m the postoperative cystogram In the latter picture, 
partial closure is noted at the internal sphincter with some dje m the enucleation 
cavlt^ This ma^ be explained bj' partial injurj to the internal sphincter at the 
time of operation 

deep fissuie foimation m the posteiioi luethra oi plication of redun- 
dant urethial walls ma}^ follow the removal of a large adenomatous 
prostate with marked intia-urethial bulging 

hen incontinence does follow a perineal operation it is alw a} s 
accompanied b\ some injuiy to the sphmcteric musculatuie about the 
vesical neck and posterioi urethia Such a complication should not 
OCCUI as fieqiientl} as it does foi the perineal removal of an enlaiged 
]irostate is essentialh^ an extra-ui ethral and extraiesical opeiation 
wheiem the hi pertrophied mass is shelled out of its capsule leaimg 
both vesical sphincters intact Howevei in the hands of an inexperi- 
enced surgeon some damage ma\ be done to the v esical sphincters and 
to the intrinsic musculature of the posteiior urethra m earning out a 
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pci meal clibsectiou Injuiy to the external cesical sphinctei can be 
acoidecl b) making the external methiotonij'^ incision (foi the introduc- 
tion ot the Young’s prostatic tractor) at a point below the external 
sphincter, pieferably near the apex of the prostate This potential 
clanger ma\ also be obciated by omitting the intiodiiction of the Young’s 
prostatic tractor through an incision of the membianous urethia and 
using a long prostatic tractor which is passed thiough the external 
meatus of urethia into the bladdei as advocated b) Geraghty, Cecil 
and Morrissec GTiquestionably, prolonged traction on the piostate 
with such instruments can also damage the mteinal sphinctei Trac- 
tion uith the Young prostatic tractor should be m an upward and 
outward direction to avoid further lengthening of the urethrotoni) 
incision anteriorly with subsequent injury to the external sphincter 

As the field of opeiation in a perineal prostatectomy is constantl} 
under control of the eye, a careful dissection of the peiineiim can 
always be carried out, minimizing the traumatization and derangement 
of the musculature about the vesical neck The absence of caiiti 
formation after the perineal operation may be attributed to the method 
of packing the enucleation cavity to control hemorrhage Hemostasis 
in the perineal operation is dependent on an intraprostatic compression 
which IS maintained by packing the prostatic cavit) lightly rvith gauze 
from below, in contradistinction to the suprapubic method of coiitrol- 
ing hemoirhage by an intra-urethral compression ot prostatic cavity 
from above with subsequent pouchhke dilatation ot the enucleation 
cavity In the perineal method, the gauze packing within the prostatic 
cavity is alwaj'S extra-urethral and tends to compress and obliterate 
the enucleation cavitj’- Recently, Young has adopted the use of a 
Davis rubber bag inserted into the bladder foi drainage and hemostasis 
and the principles of its hemostatic action are essentially the same as 
supiapubic method of mtra-urethral compression of the enucleation 
carit) It is possible for the cavity formation to occur after such a 
pi ocedure 

Recently the authors have advocated a new technic for pcrinta 
prostatectomy in which gauze packs are placed in the prostatic ic 
between the prostatic capsule and urethral wall for hemostasis on ' 
These aie placed against an indwelling catheter placed m the blacccf 
b) wa} of the urethra The catheter is used for urinary drainage u 


mg the convalescence, avoiding the peimeal drainage 

B} this method the cavity formation mentioned, which is 
fonned in the othei methods of prostatectomy, is here avoidec 
believe that this cavitj’’ formation tends to damage or to disto ^ 
internal vesical sphincter m a certain percentage of the ca‘:c‘? 
is not alreadv damaged during the removal of the prostate 
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CAUSATIVE FACTORS OF INCONTINENCE 

It matteis little which method of piostatectomy has been used, the 
incontinence of uiine lesulting from such an operation m every instance 
IS due to a loss of function of both sphmcteis As has been previously 
stated, either the internal or the external sphincter is capable of main- 
taining excellent control of urination in the event of the loss of function 
of the othei 

The usual opeiative defect associated with incontinence is a wide 
dilatation of both the internal and the external sphinctei, accompanied 
by a dilatation of the membianous and posterioi uiethia The mus- 
culai components of the internal and the external sphmctei aie leplaced 
by seal tissue In the region of the inteinal sphincter, the usual promi- 
nence of the median portion is absent, due to the replacement of the 
injured muscles b)'^ scar tissue 

Oui investigation, as well as the observations of others, of the 
vesical neck and posterior urethra in cases of unnaiy incontinence fol- 
lowing prostatectomy reveals vaiious types of anatomic defects oi 
pathologic lesions associated with the loss of function of the inteinal 
and external sphincters These associated changes about the vesical 
neck 01 posteiior uiethia per se do not cause urinary incontinence but 
may mciease the unnaiy difficulties as a lesult of the alteied uiinary 
passage and hence may be consideied as contiibutory factors These 
changes or defects do occui in a large percentage of the cases and foi 
all piactical pui poses may be divided into intrinsic and extimsic 
groups In the intimsic group, which comprises by fai the 
largest number of cases, the anatomic defects associated with urinary 
incontinence are the lesult of some stiuctural change at the lesical 
neck 01 posteiioi urethia following operation The extrinsic gioup is 
composed of a veij small number of cases in which the uiinary disturb- 
ance IS due to some pieexisting lesion or anatomic change in stiiictuie 
which peisists after operation and interferes with the pioper function 
of the inteinal and external sphmcteis We wish to stress the fact 
that the occunence of many of these anatomic oi pathologic changes 
of eithei the intrinsic oi the extrinsic gioup, in the piesence of one or 
both good functioning sphmcteis has a tendency to produce an obstiuc- 
tion to 111 Illation with a lesultaiit letention rather than urmaiw mcon- 
tmence Oui studies justifv the following classification 

Uimaiv Incontxncncc FoUouing Piostatectomy 

Etiolog\ 

Temporarx or Permanent Derangement of the Internal and External Vesical 
Sphincter 

Associated Changes or Contributorx Factors 
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liitnnsu Gioiip 

L'lubc Tisbiie Flaps at the New Vesical Orifice 
{(/) Strips of iliicous Membrane of the Bladder 
{bj Nodules of Prostatic Tissue 
(i) Strips of Prostatic Capsule 
(d) Strips of Urethral Wall 
fi ) Plication of the Urethral Wall 
Strictures or Contractions at the Vesicoprostatic Orifice 

(a) Canop3' Formation 

(b) Bar or Ledge Formation 

Stricture in the Region of the External Sphincter 
Deep Fissure or Sulcus Formation in the Posterior Urethra 
Complete Divulsion of the Prostatic Urethra 
E\tnnsic Gioiip 

Hvpertroph} of the Trigone 
Intratesical or Prostatic Tumors 
Vesical Calculi 

■\t0n3 of the Bladder Preexisting Ner%e Lesions Intohing the ]\leclian- 
ism ot Urination 
Diverticulum of the Bladder 
Lrethral Lesions (Stricture, Calculi and Tumor) 

A brief discussion of the role of each factoi in the deielopinent 
ot postoperative urinary incontinence is in oidei 


ETIOLOGY 

Tempo) a) y or Peimaiieiit Derangement to the IntcDial a)id 
External Vesical Sphincter's — Many authoiities, particulaily Walker 
in writing on the supiapubic and Young on the peiineal method, 
haie repeatedly stiessed the absolute necessity of preset ving the 
integnt} of the vesical sphincters at the time of opeiation Ihcir 
leasons are obiious, since the internal and external I'esical sphmcteis 
pla} the most impoitant part m the mechanism of urination and m the 
maintenance of perfect bladdei closure In many instances the inter^ 
nal sphinctei has aheady been rendered functionless b) the enlargnu 
])iostatic adenoma before the patient seeks relief by operatne inter 


1 ention 


The pathologic anatom) of the benign hypertrophied prostate ^ 
such that as a rule the adenoma is found on the floor and sides 0 ^ 
posteiior urethia As these adenomatous areas continue to 
the posterior urethia lengthens and the internal Acsical sphincte 
graduall) dilated and stretched especially as the growth pushes t 
into the lumen of the bladdei Ver) often the internal 
rounds and grasps this enlarging adenomatous mass (so-ca cc 
lobe h\ pertroph) ) about the waist or central portion so that 1 1^^ 
part of the enlarged gland comes to he free in the bladder in 
the trigone presenting the veil known lntra^eslcal bulging 
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cases, the 2^01 tion of the adenomatous gland below the constiicting 
internal sphinctei may bulge mwaid thus nan owing the lumen of the 
inostatic uiethia and i^ioducing the intia-uiethial bulging so commonl) 
observed In the majority of cases, the internal sphincter is temporarily 
deranged and perhaps in a few cases pennanentl} destroyed when such 
a condition exists at the time of opeiation Consequently, the operator 
is required to exercise caution to preserve the remaining function- 
ing sjjhmcter (1 e , external sphincter) to insure a good result and to 
avoid that dreaded bugbear, incontinence 

The proponents of the supiaptibic prostatectomy assume that 111 
those cases in which the hypertrophied piostate is removed without 
wounding the dilated internal sphincter, this sjihmcter will eientuall}' 
regain its tone The question arises Is the hypertrojihied prostate 
capable of being removed b}^ the suprapubic method without injury to 
the internal sphincter at some stage of its enucleation^ This seems 
well nigh impossible when one recalls that the prostate is an extiavesical 
organ and that removal by the transi^esical approach necessitates a 
further stretching of an alread}'- dilated internal sphinctei and division 
with possible destruction of the internal sphincter The fact remains, 
however, that the probability of damaging the external sphincter dm mg 
a suprapubic enucleation is remote, for the field of operation is con- 
fined to an aiea above the triangular ligament Hence, one is msuied 
of at least one good functioning sphincter with an ultimate good oper- 
ative result from the standpoint of urinary continence, for it has been 
definitely established by Wallace, Hyman and others that the external 
sphincter is sufficient and does maintain peifect bladder closure aftei 
suprapubic jirostatectomy 

Young has repeatedly pointed out that injury to eithei ^eslcal 
S2ihinctei should ne\er occur dm mg a carefull}^ j^eifoiined perineal 
prostatectomy, which calls for ( 1 ) retraction of the triangular ligament 
external sjrhinctei and tiansveise jieimei muscles, ( 2 ) an extra-urethral 
iemo\al of the hvpertrophied gland leaving the internal sphincter and 
most of the jiosterioi urethia intact and ( 3 ) introduction of Youngs 
prostatic tractoi through an incision made below the external sjffimcter 
preferabl} at a point near the apex of the prostate Ne\ertheless, there 
always lemams the jiotential dangei of mjuimg the internal sphinctei 
by jirolonged ti action with the Young tractor or damaging the fibers of 
the external sjihmcter and compiessor urethrae muscle m can^ang out 
a dissection of the peimeum It is in the hands of the inexperienced 
suigeon not fully acquainted with the operative details and technic of 
the procedure that man\ of the disjiaragmg cases of incontinence ha\e 
occuiied and jierhaps accounts for the unpopulariti of this method 
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\S^bOCI \TED CHANGES OR CONTRIBUTORY FACTORS INTRINSIC GROUP 

Loose Tissue Flaps or Tags About the Nezv Vesical Oiificc — 
Examniation of the piostatic cavity aftei opeiation often leveals loose 
masses ot tissue (fig 9) in or about the resicoprostatic orifice which 
ma\ interfere with urination The examiner fiequently is at a loss to 
explain the presence of these loose masses following w'hat he believes 
to be a pertect enucleation This ttpe of stiuctural defect is seen most 
fiequentl} after the suprapubic method Thomson Walkei has WTitten 
extensneh of this t}pe of lesion, and owing to his persistent and untir- 
ing efforts, gemto-uimaiy suigeons have become better acquainted with 
Its signs symptoms and treatment 

Total subcapsulai enucleation of the gland b} sharp and blunt 
dissection is practicalh impossible and consequent!} loose fiag^nents of 



Fig 9 — Anatomic defects at vesical orifice following suprapubic prostatec- 
toim a, nodules of prostatic tissue at the prostatovesical orifice, b, strips or 
tags of mucous membrane at the prostatovesical orifice (Drawing after Walter 
Brit J Surg 7 530, 1920 ) 


piostatic capsule and small nodules ot the piostatic adenoma mat be lett 
behind, especial!} if a blind operation is performed These loose strips 
ot capsule and small nodules of gland tissue are usualh looselt attacicc 
to the wall of the piostatic cavit} and as a lule slough awa\ . 
occasionalh the} peisist and encroach on the new tesical openiiit, 
causing a ball tahe or pol}p-hke obstruction wdiich permits a snw 
amount of uime to escape thiough the conti acted orifice 

The presence of loose flaps of mucous membrane of the blac 
not infrequent!} encountered Aftei suprapubic enucleation o 
adenoma the piostatic bed conti acts practical!} at once but olteii 
quite enough to close entirel} the opening betw een the bladder an 
antenor urethra consequently there ma} be left behind on the pos 
surface of the bladder one or moie unsupported crescent-s lapef 
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of bladder wall with a raw edge and with the dilated internal sphincter 
attached thereto This defect is found mainly in those cases in which 
the adenomatous mass has extended up under the trigone It is rare 
to find a loose anterioi flap of bladder wall even in those exceptional 
cases in which there is an enlargement of the anterior lobe These 
loose flaps of bladder wall may inteifere with urination by acting as a 
mechanical iriitant or by meeting over the piostatic cavity and blocking 
the newly formed vesicoprostatic opening, causing a permanent or 
intermittent obstiuction Often these loose flaps may slough away and 
effect a spontaneous cure, or they may become impregnated with uiinaiy 
salts and give use to hard calcareous masses or m some instances to 
bladder calculi These loose tags also act as a nidus for harmful bacteria 



' 4 

\ 


Fig 10 — Loose strips of urethral mucous membrane or prostatic capsule in 
the enucleation cavity (Drawing after Walker Brit J Surg 7 534, 1920 ) 

and -serve as a causative or stimulative agent for a persistent post- 
operative cystitis 

Long loose strips of the posteiior urethra wall (fig 10) coursing 
the length of the prostatic bed or strips torn acioss m a transverse direc- 
tion maj occur after the reinotal of a prostate They are the results 
of the tugging and pulling incidental to blind enucleation by the supra- 
pubic method Such a defect is likeh to follow the removal of a hard 
fibrous prostate 

Mucosal plications may be present and inai lead to interference 
with urination and obstruction to instrumentation This type of defect 
IS seen most frequently after the perineal operation in cases of large 
In pertrophied prostate nith marked intra-urethral bulging In these 
cases the adenomatous tissue is remo^ed extra-urethralh leaMng redun- 
dant In pertrophied nails of the urethra free to sag and meet in the 
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lumen of the postenoi urethia, forming a valvulai depiession (fig IQ) 
ami thus mteifeiing with propei emptying of the bladder 

Stiutwe 01 Conf) actions at the Vesicopi ostatic —Canopi 

b'oimation (Figs 11 and 12) This type of anatomic defect occurs 
nio^t frequently following supiapubic prostatectomy, and ma} occasion- 
alh be a^ssociated with uimaiy incontinence Thomson Walkci has 
jiomted out that stricture foiniation aftei prostatectomy is likely to occur 
at the \esical neck and at the membianous urethra where the mucous 
membrane of each is severed oi toin acioss duimg the piocess of 
enucleation The most frequent site foi the occmrence of stuctuie oi 
stenosis is at vesicoprostatic maigin Heie the edges of the tom bladder 



Fig 11 — Redundant posterior urethral wall forming a valvular depression^^ 
a case of incontinence observed by the authors This patient had a perinea p 
tatectom} performed at another hospital A shows the posterior ^ 

sagittal view , Bt indicates the bladder , i r’ , the internal vesical sp imc e 
the posterior urethra 


mucosa posteriorly and laterally tend to grow togethei an loj 
canop) or t}mpanum which shuts oft the pi ostatic cavit} 
bladder In those cases in which the h} pertrophied prostate is 
In intia-urethral manipulation without completel} injuring ^ 
internal sphincter the sphincter may legain its tone withm a n 
as the contraction progresses, the sphincter is drann toge 
mannci of a purse string narronmg the lesical outlet 
It appears that m the majoriti of cases the 
normalh contract more readih than the remainder of t le e 
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cavit}^ and regain its tone quickly as the component circular fibers of 
the injured or weakened sphinctei gather strength It is in the rare 
case that the degree of contraction of the internal sphinctei is maiked, 
so that the resultant vesicoprostatic opening becomes narrowed and 
often sclerosed by the increasing amount of fibious components of the 
internal sphincter which occurs during the process of healing 

If one were to inspect the bladder in a case with canopy formation, 
one would find the vesical orifice presenting itself either as a small 
opening, a dimple or a bud of gianulation tissue located well forward 
neai the anterior wall of the bladder As a rule, the anterior lip of the 
opening is represented b}- a very slight ledge where the bladder wall 



b 


Fig 12 — Canop> formation over enucleation cavity following suprapubic 
prostatectomy as a result of union of the lateral folds a, view from the bladder , 
b, sagittal section (Drawing after Walker Bnt J Surg 7 529, 1920 ) 

becomes continuous with the urethral wall The posterior Iip is formed 
b} a haid, fibrous, descent or sickle-shaped fold The fonnation of 
this diaphragm is dependent on the drawing up of the lower segment 
of the bladder b} contraction of the internal sphincter, thus preeenting 
a natural coalescence of the mucous membrane of the bladder and 
anteiior urethra within the enucleation cavity 

On passing a sound or catheter through the urethra m such cases, 
one experiences great difificultx in finding the opening on the tympanum 
e\cn until the aid of a finger in the bladder One is easily misled 
to liclieie that the instrument is m the bladder whereas it is mcrelv 
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])u^hlng up on the tympanum like a tent pole As Gordon has pointed 
uijt the enucleation cavity beneath the canopy is often large enough to 
jicrmit the complete lotation of a short beaked sound within it The 
vufficult\ m introducing the instrument may be attributed to a failure 
(ft the posterior urethra to serve as a guide because of the misalinemcnt 
ot the posienoi urethra with the opening m the tympanum 

The mcKlence of such canopy formation is fortunatel} laie Its 
lelative mfre(|ucncy is peihaps due to the fact that in most cases the 
internal sphincter has been sufficiently injured at the time of opeiation 
and Its healing delayed long enough to permit a natural coalescence of 
the mucosa of the bladder and anterior urethra 

Bar 01 Ledge Formation (Fig 13) In some cases of iinnan 
incontinence following prostatectomy, more so aftei the suprapubic than 



Fig 13— Canopy formation at prostatovesical orifice resulting in unusual Iicil 
mg of posterior wall of bladder The opening into the bladder is situated at tin 
anterior aspect of enucleation cavity a shows the sagittal section, b, the ne" 
from the bladder (Drawing after Walker Brit J Surg 7 529, 1920) 


after the perineal method, there may be found at the posterior hp of t ie 
vesicopi ostatic orifice either a transverse bar or a raised crescent-s lapec 
ledge which tends to narrow”^ the lumen of the opening and inter trts 
with the emptjmg of the bladder This bar or ledge is formed 
trigone and parts of the continuous posterolateral walls of the i a 
plus a part of loosely attached internal sphmctei The 
this t\ pe of defect is due to the trauma incidental to the enuc ea loi 
of a large mtra-urethral prostate with subtrigonal enlargement ^ 
StJictiiic Jii the Region of the External Sphinctci 
mation at the anterioi end of the prostatic bed w ith resultant 
dilatation of the prostatic bed and bladder is theoreticalK po'^s' > ^ 
actualh rare Such a complication should neiei occur « 
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pubic prostatectomy, but could follow a perineal operation when the 
external sphincter is injured through faultj’^ dissection or from undue 
ti action with the prostatic tractor 

Deep husiue oi Sulcus Foimaiion in the Paste) loi Uiefhia — In 
some cases of urinary incontinence following prostatectomy, there is 
occasionally found a deep sulcus or fissure in the floor of the posterior 
urethra extending from the internal sphincter to the bulb, which inter- 
feres with the action of both sphincters Occasionally the sulcus or 
depression may take a transverse course across the urethra, especially 
on the posterior urethral wall (fig 14) This tjpe of lesion occurs most 



I'lR 14 — Ledge formation within the posterior urethra due to redundant 
uretliral walls, small nodule of tissue projection on the posterior surface of 
urethra This patient was operated on at another hospital and dc\ eloped com- 
plete incontinence 7; indicates the trigone muscle, t z , the internal \esical 
sphincter , p u the posterior urethra 

Irequentlv after perineal prostatectoim and perineal operations for stric- 
tuies of the urethra following gonorrhea, and is due to the trauma and 
delated healing following an incision of the posterior urethra It is 
possible that m some cases of perineal prostatectomj the traction on the 
\oung prostatic tractor mat cause a further gaping of the incision 
in the posterior urethra It is also possible that the use of a Datis 
rubber bag or a rubber tube inserted into the bladder for hemostasis or 
drainage jnirposes mat produce an exaggerated scjiaration of the fibers 
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of the prostatic urethia and may lead to delayed healing with ultimate 
{i'?sure 01 sulcus formation 

Complete Divulswn of the Piostahc Ihctha — It is commonh 
bcliexcd that the entire prostatic urethra is removed in the suprapubic 
operation tor an mtia-urethral hypertrophied prostate, while in one 
that bulges nitravesically the enucleation may be performed without 
the entire lemoval of the prostatic urethra Howevei, such a defect 
may occui not only during supiapubic prostatectomies but also during 
perineal prostatectomy when the prostate is lemoved “en masse ” In the 
majoiity of cases of this type, the torn edges of the mucosa of the 
bladdei and anterior urethra successfully bridge the gap within a short 
time and heal without mtei f erence with urination In a very few cases 
in which the entire circumference of the posteiior urethra has been 
removed, stiicture formation has resulted which required postoperatne 
dilatation or another operation to remove the obstruction to urination 
Careless removal of the prostate en masse by either method ot 
postatectomy may cause irreparable damage to both sphincters with 
resulting incontinence 

EXTRINSIC GROUP 

Hypeiti ophy of the Tugone — In view of the idle the trigone nor- 
mally plays in opening the vesical orifice during micturition, it is not 
surprising to find a compensatory hypei trophy of the trigone vhen 
there is an obstruction of the vesical orifice by an enlarged median lobe 
Occasionall}’’, the h)'pertrophied trigone is seen through the cystoscojie as 
a distinct enlargement behind the vesical neck, but most frequenth the 
hyper tiophied trigone forms a firm compact mass with the enlarged 
prostate Young pointed out that when the obstruction (hypertrophied 
prostate) is removed there is often an associated atroph}'’ or dmnnution 
m size of the enlarged trigone As early as 1911, Young stressed the 
fact that a true hypertrophy of the trigone may exist without an 
enlarged prostate and present signs of obstruction to urination bv acting, 
as a trans^e^se dam m the floor of the bladder In long-standing cases, 
the hypertrophied trigone produces a pouchlike depression (has fon )> 
and the latter undermines the trigone and dissects it free from f 
bladder causing a valvelike obstruction to urination Such an ohstnic 
tion might easily be oierlooked at operation, and its persistence a ter 
operation ma} interfere with the passage of urine Thomson 
M as the first to emphasize the role that the thickened walls of the 
plaied in the formation of ledge or canopy obstructions fo o\mu 
supiapubic piostatectomi, and he strongl} adiised the 
measure of removing at the time of operation a wedge-shape poi" 
of the posterior r esicopi ostatic septum as far as its junction viti 
bladder 
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Intiavesical oi Pi astatic Tumois — Preexisting papilloma of the 
bladder may also serve as a valvelike obstruction to urination after 
operation, and m rare instances may cause an incontinence of an 
infiltration of the tissue near the vesical neck, thus interfering with the 
action of the internal sphincter Occasionally, a nodule or lobe of 
adenomatous tissue may be left behind at the time of operation, and this 
may continue to glow and cause some interference with urination 

Another cause of postoperative incontinence is the lecurrence or 
further growth of a carcinoma of the prostate which may not be sus- 
pected at the time of operation 

Vesical Calculi — ^\^esical calculi occuirmg shortly after operation are 
usually due to the impregnation of loose flaps of bladder or prostatic 
tissue with the mineral salts of the urine They usually lead to some 
degree of ball-valve obstruction at the newly formed vesical orifice 
and result more often in retention than in incontinence The calculi 
ma}' be found in either the bladder or the prostatic pouch but raiely in 
both Occasionally, small calculi wall be found m the shallow cellules or 
between trabeculations 

Atony of the Bladdei — Atony of the bladder walls due to a prostatic 
obstruction inaj cause a false incontinence m the sense of an overflow 
01 retention in the nonoperative case Removal of the hypertrophied 
prostates in patients with a marked degree of atony may be follow^ed 
by a temporal y and usually partial incontinence It is generally agreed 
that atom of the bladder dependent on a prostatic obstiuction and inci- 
dent to old age is not a contraindication to operation, provided the 
entire obstruction is lemoved at operation Incomplete restoration of 
the tone of the bladder musculature and a small amount of residual urine 
ma} follow the complete remoAal of the prostate m mam of the cases 

It is essential to differentiate preoperatu ely the type of atony of the 
bladder associated wuth the prostatic obstruction from the nonobstruc- 
tive t}pe produced by diseases of the central nervous system Tabes and 
cerebrospinal syphilis are the most common causes of the nonobstructive 
tipe of bladdei atom and less frequent causes are tumoi of the spinal 
cold 01 mjur\, lateral or multiple sclerosis and syringomyelia The 
1 etention that follow s a cerebral oi spinal lesion ma\ be partial or com- 
jilete depending on the degree of atony of the bladder w'alls, and the 
incontinence that often follows is dependent on the degree of paraljsis 
of the internal and external \esical sphincters Consequenth , all cases 
ot atom of the bladder should be carefulli differentiated before opera- 
tion bi c\ stoscopic complete neurologic and serologic <=tudies other- 
wisc patients with hopeless cases will be submitted to an operation with 
ab=:oluteh no chance for a good functional result Although the prostate 
i'' atrophied as a rule in the presence of a spmal lesion in rare instances 
a true h\pertroph\ ma\ exist In such cases it the spinal lesion is not 
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too tai ad\anced and the atony of the bladdei is definitely plo^ecl to be 
due to the prostatic enlargement, opeiative mtenention with lemovai 
ol the ohbtuiction is warranted 

lUvotHuluui of the Bladdei — diverticulum of large oi moderate 
M/e ina\ act as an obstruction to the escape of uime from the bladder 
and uiethia This t3''pe of lesion must be consideied in those patients 
in whom a complete loutine study (including cystoscopy and cys- 
tograph) ) Utis not made for any of vaiious leasons 

UieiJval Lawns — The presence of a stiictuie of the aiiterioi oi 
the membranous urethia, calculi in tumois of the uiethia, may possibh 
serve as a cause of postoperative uiinary'^ discomfort, but fortimateb 
such lesions are leadily detected pi eopei atively and successful tieatnient 
can be readily instituted 

REPORT OF CASES 

Case I — C H S, aged 64, uas admitted to the Smai Hospital on Jan ]3, 
1927, with a historj' of marked diurnal and nocturnal frequencj He stated that 
he had had a sensation of not completely emptying his bladder after \ 0 Kiing 
Rectal examination revealed no enlargement of the prostate On cistoscopic 
examination, it was noted that there was 100 cc of residual urine with a capaciti 
of 400 cc There was only slight bulging of the prostate laterallv, but a rather 
marked median lobe was present There was prac ically no mtra-urethral bulging 
Hanj cellules and trabeculations were observed The urine showed a 2 plus 
sugar reaction 

On February 11, udien the urine was free from sugar as the result of diabetic 
treatment, a one-stage suprapubic prostatectomy w'as performed The lateral 
lobes Avere fibrotic and difficult to remove The median lobe was the largest ot 
all and w'as also fibrotic 

There W'as delayed healing of the w'ound, but finallv it closed At the time 
of discharge from the hospital, the patient w'as able to void in a good stream 
and was able to start and stop the stream, but there w'as some dribbling between 
and at the end of urination Treatment W'as given for this, but no relief was 
obtained Six months after the operation, cystoscopic examiintion reicalci 
marked relaxation of the posterior segment of the vesical orifice The posterior 
edge appeared to be drawn up to the ureteral orifices, indicating marked rclasation 
of the internal cesical sphincter There appeared to be a small dnerticuhini m 
the posterior urethra, just behind the verumontanum 

A CAstogram (hg 15), taken after the injection of 630 cc of 3 5 per et 
sodium iodide, rerealed the point of closure to be at the internal sesical spimc 
with some dre leaking through the internal sphincter 

A urethrogram, taken after the miection of 20 cc of 3 5 per cent sodiuin 
into the postenoi urethra, rcAcaied a slight irregularitA but no deinitc p 
tormation 


Comment — Partial uimai A incontinence in this 
the onh one m our senes although its occurience is not m 
AAith othei surgeons The explanation is simple and its 
been of tremendous Aaiue to us for aac feel that in our casts 
not occui again in the near future under similar circumstances 
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In this case, the bladder had been drained with a catheter for 
several weeks prior to opeiatioii The history of urinaiy difficulties 
plus the amount of residual urine sened as the reason for a prostatec- 
tomy At operation, a very small fibrous piostate was found with 
very slight bulging laterally and a vei}'- small median lobe It was 
quite a task to remove the fibrous growth from its capsule, and m the 
manipulations incidental to its removal it is extremely likely that fibers 
of both sphmcteis were torn, lesulting in incontinence We believe 
that the logical pioceduie in a case of this type m the future is a 
punch operation perfoimed without opening the bladder oi at the opei- 
ating table when an examination reveals a small fibious gland 



Fig 15 — Cvstogram in a case of partial incontinence following suprapubic 
prostatectomy The point of bladder closure was at the internal sphincter, but 
some d\e escaped through both sphincters 

Casl 2 — S S, aged 61, was admitted to Siiiai Hospital on Hay 10, 1926 
He had the usual symptoms of prostatic enlargement, consisting of diurnal and 
nocturnal frequency, hesitancy, urgency and dribbling He had acute urinary 
retention on several occasions Rectal examination revealed a very large right 
lobe with a smaller left one, of a soft and doughy consistency, with no evidence 
of malignancy Cystoscopic examination revealed the amount of residual urine 
to be 60 cc, with a bladder capacity of 300 cc There was marked intravesical 
and intra-urethral bulging of the prostate on the right, less marked on the left, 
with a moderate amount of bulging posteriorly in the form of a median lobe 

On October 29, perineal prostatectomy was performed The bulb was unnec- 
essarily exposed and an incision was made high in the membranous urethra The 
lateral incisions were made in the prostatic capsule and then connected, making 
it an inverted “U” incision The prostate was removed en masse, taking the 
prostatic urethra uith it A catheter was passed into the bladder bi \^a^ of the 
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iiretlira and another into his bladder by wav of tlie external urethrotonn incision 
One iodoform gauze pack was placed in each prostatic cavit}" 

On his discharge from the hospital, four weeks after operation, his perineal 
wound was closed He was voiding in a good stream, every one to one and one- 
half hours during the da 3 " and about every tw'o and one-half hours during the 
night There was some dribbling betw'een urination and at tbe end of urination 
Under treatment tins improied somewhat but not entirely Eleven months after 
operation a castoscopic examination was made, and this revealed seieral small 
pouchlike areas in the posterior urethra with several irregularities, gning one 
the impression that the musculature near the external sphincter had been injured 
On Jan 22, 1929, wdiich was tw^ent 3 '^-sevcn months after the operation, a c\sto- 
gram was taken with the patient in both the horizontal and the erect postures 
These revealed the outline of the bladder to be oval, after 200 cc of 3 5 per cent 
sodium iodide w'as injected There was no leakage into the posterior uretlira 
wdien the patient w'as in the horizontal position (fig 16) When he was erect 



big 16 — C3stogram taken wuth the patient in the horizontal position ni a cn'C 
of partial incontinence followung perineal prostatectomi The bladder outmt 
appears normal wuth the point of bladder closure at the internal sphincter i o 
die can be seen escaping through the internal or the external sphincter mt m 
the upright position a few^ drops did leak past both sphincters 


It was obseri ed that there wms some leakage into the urethra and a tew 
passed out through the external meatus His condition, howeier, was 
He could retain his urine at times as long as one and one-half 
dribbling ]\Iost of the dribbling ivas done m tlie afternoon He could ^ 
start the stream m an excellent manner, but did have some dribh iii;, 
urination 

Cojinnciif — The resultant uiinar} incontinence in this case i- 
paitial tape Despite the fact that the patient is able to start 
his stream aoluntaiih, he sufters from the incom enience o 
small receptacle to catch the drippings avhen am sudden 
made There is a loss of from 1 to 3 ounces of urine diiriiu 
but none at night 
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The persistence of duirnal dribbling implies that both vesical 
sphincters have been damaged to some extent The deiangeinent of 
the sphincters though i datively slight is permanent notwithstanding the 
ability of the patient to start and stop his stream The damage to the 
external sphincter undoubtedly occurred when the urethrotoni}^ incision 
foi the insertion of the piostatic ti actor was made high in the mem- 
bianous urethra rathei than close to the apex of the prostate A con- 
tiibutoiy factor ma} be the faulty traction on the prostatic tractor in an 
upwaid direction which tends to split the external sphincter in the line 
of the urethrotomy incision The mjur} to the internal sphincter most 
likely occuired when the piostatic adenoma was removed en masse 
A moie careful enucleation of the prostate from around the resical 
orifice probably would have obviated some injury to the internal 
sphinctei Howeier, we are inclined to believe that had we made the 
urethiotomy incision foi the prostatic tractor at the apex of the prostate 
fas we do todaj ) the external sphincter, the piesenation of which 
IS of paramount importance, would not have been injured and no 
incontinence would have lesulted In a careful dissection of the 
jiermeum in a perineal prostatectomy, the bulbous urethra and external 
sphinctei should nevei be exposed 

Case 3 — J A , aged 66, was admitted to the Sinai Hospital on June 20, 1928, 
in uremic coma A history obtained from the patient on examination t\\o years 
prior to admission was that he had urinary difficulty, such as urgency and diurnal 
and nocturnal frequency A rectal and C 3 stoscopic examination revealed a benign 
prostatic adenoma of the third degree Owing to his condition of uremic coma, 
he was considered a \ery poor operative risk Nevertheless, after fluids w'ere 
forced and a retention catheter used, the patient’s condition improved so much 
that on July 27 a perineal prostatectomy Avas performed, caudal anesthesia being 
used Two lateral incisions Avere made in the prostatic capsule, and the lobes 
AAere removed separatefi^ The median lobe aa'es delivered into one of the lateral 
openings The prostatic bridge of tissue AAms preserved, likeAAuse the prostatic 
urethra, except for a small tear in the urethra Avhich Avas made AA'hen the median 
lobe Avas delivered The internal sphincter seemed undisturbed and AA^as not 
unusuallj dilated, hence it Avas dilated Avith an instrument at the completion of 
the operation The external sphincter A\as retracted up during the operation 
Packs Avere placed in the capsule pressing against a urethral catheter AAhich AA'as 
inserted into the urethra, at the time of operation 

The catheter AA^as remoA^ed on the fifteenth postoperatn^e daj^ and the patient 
began Aoiding in a good stream, but he also dribbled betAveen urination and at the 
end of urination This aaas also noted AAhen the patient Avould suddenh arise 
from a sitting posture No nocturnal dribbling Avas present 

•k cAstogram (fig 17), taken on Feb 5, 1929, reA'ealed a Avell outlined bladder 
AA ith an imperfect closure at the internal sphincter Some of the dye (3 5 per 
cent sodium iodide) leaked into the posterior urethra and out past the external 
meatus 

When the patient aabs last seen on April 4 1929, the dribbling \A'as still present 
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Conwient — This case illustrates the type of partial incontinence that 
ma} develop following a perineal prostatectomy The causative factors 
of the incontinence are not quite clear, but undoubtedly both vesical 
sphincters were damaged during the opeiation 

The injury to the exteinal sphincter was probably due to a fault) 
mcision in the membranous urethra and may have been aggravated bv 
the prolonged traction of the prostatic tractor The damage to the 
internal sphincter is less easily explained since the prostatic adenoma 
uas enucleated in separate portions, preserving the integrity of the 
posteiior prostatic capsule and leaving the prostatic urethra intact except 



Fig 17 — Cystogram in a case of partial incontinence following perinea 
tatectom^ Imperfect bladder closure at the internal sphincter is noted 
d\e leaked into the posterior and anterior urethra 

foi a small tear At the completion of the operation, the iiitcni<T 
sphincter appeared to be of good tone, and instrumental 
this sphincter was pei formed as usual, which may ha\e injui'c ^ 
sphinctei However it is conceivable that the internal 
temporarily or permanentl) destroyed prior to operation b) the i <1 < 
accompaiT\ing the increased growth of the adenoma 

This patient also had a ^ ery large direct inguinal hernia on t le 
side occup)ing the entire scrotal sac It was present before ^ 

the operation and the patient refused operatne treatment 
large hernia ma\ occasional!) interfere vith unnation especia 
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there is an accompanying herniation of the bladder, we are inclined 
to believe that the presence of the hernia did not influence the produc- 
tion of the persistence of the urinary incontinence, as cystographic and 
cystoscopic studies failed to reveal any bladder defect directly associated 
with the hernia 

4 — B L, aged 59, vas admitted to Sinai Hospital on Sept 17, 1928, 
with symptoms of prostatic enlargement Cjstoscopic examination revealed a 
large intravesical bulging of the median lobe and a moderate intravesical and 
intra-urethral bulging of both lateral lobes A diagnosis of benign prostatic 
adenoma of the second degree was made The patient appeared to be a good 
surgical risk 

On October 5, perineal prostatectomy was performed with the patient under 
caudal anesthesia An incision was made in the membranous urethra, close to 
the apex of the prostate for the insertion of the Young prostatic tractor An 
inverted “U” incision w'as made in the capsule, and the prostate was removed 
en masse The urethra w^as not preserved, but the prostatic capsule was The 
prostate was of the adenomatous and fibrous tj’pe At the completion of the 
operation, the internal sphincter appeared to be dilated The external sphincter 
was retracted up with the transverse perinei muscles during the operation A 
catheter was inserted into the bladder, and gauze packs were placed in the capsule 
against the catheter The catheter was removed on the eighteenth day, and the 
patient began voiding, wnth some diurnal incontinence and terminal dribbling As 
time went on, he began to get better control of urination He could stop and 
start the stream, but he has never had perfect control The patient was last 
seen on March 11, 1929, fi\e months after the operation, and he had only partial 
control of the stream during the day Dribbling w'as present between and at the 
end of urination Dribbling also occurred while he was walking or sitting, and 
especially if he stood up suddenly His stream w'as of good force 

A cystogram (fig 18), taken three months after operation, revealed partial 
closure of the bladder at the internal sphincter with some dye leaking into the 
posterior urethra No dye escaped through the external sphincter which main- 
tains bladder closure 

Comiiieiit — This case illustiates partial incontinence following peri- 
neal prostatectomy The patient is able to pass urine in a good stream 
at fairl)'- regular intervals He is able to start the stream with ease, 
but there is some dribbling at the end of and between unnation Thus, 
at five months after operation, complete control of urination is lacking 

In this case, the incision in the urethra for the prostatic tractor was 
not made close to the apex of the prostate but rather high in the mem- 
branous urethra, with possible injur}! to the external sphincter Mis- 
diiected traction of the prostate by the prostatic tractor may also have 
caused some injury to this sphincter The prostatic enlargement was 
removed en masse taking w^ith it the prostatic urethra and probably 
teaiing some of the fibers of the internal sphincter The injur}! to both 
sphincters could not have been complete, otherwise the patient would 
have had no contiol of urination 
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CVSE 5— ^V N, aged 76, was admitted to the Saiai Hospital on Xo\ 29 
1918, with symptoms of prostatic enlargement The usual examinations were 
made, including examination of the urine, blood, rectal, c^stoscoplc aid 
roentgenographic studies After a careful study, a diagnosis of benign prostatic 
adenoma of the third degree was made The patient was considered a poor 
operative risk The cystoscopic study, which is of importance in connection witli 
this paper, revealed marked intra-urethral and intravesical bulging of the 
prostate As the patient’s general condition was very poor, the bladder was 
drained with a retention catheter for over three and a half months “Kfter con- 
siderable difficult} and a long period of time, his general condition improied 
and a perineal prostatectom> w'as performed on March 18, 1919 Some of the 
details of the operation in this case ivere as follows (a) tw'o lateral incisioiw 
w ere made m the prostatic capsule through wduch one ^ er\ large lateral lobe and 
the other ^erJ large lateral and moderate-sized median lobe combined were 
removed, and (b) the incision in the urethra for the tractor w^as made m the 
membranous portion above the apex of the prostate 



Fig 18 — Cjstogram in a case of partial incontinence following perineal pros 
tatectom} The bladder outline is normal Partial bladder closure is note 
the internal sphincter with some dje leaking into the posterior urethra ^o ('O 
escaped through the external sphincter wduch maintains bladder closure 


A-t the completion of the operation, the internal sphincter seemed to c m 
turbed and to hd\e a fairly good tone The urethra was partlj q 

the remmal of the median lobe The external sphincter was thougit i o 

rrrnAf> tllC tlHlt 

to be uninjured, but no particular observation of injurj was maue 

After closure of the perineal w'ound, wduch occurred on the 

cult\ m urination was noted m that straining on urination and rii 

present Attempts were made to dilate the urethra, but these fade 

made 

wa^ lb' 


\ diagnosis of urethral deformity or urethral stricture was 
19, an external urethrotomj wms performed On ]\Iai 2, the , at 

charged from the hospital voiding in a good stream but with sligit 

the end of and betw'cen urination nena 

After his discharge on Maj^ 2, he had diurnal and nocturna incon 
on Aug 29 1919, he wms again admitted to the hospital for urt ler^^ I 

Cjstoscopic examination at this time reiealed a slight bulging a 
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left anterolateral aspects of the vesical orifice, where two small lobulations were 
observed hanging down from the vesical orifice There was marked relaxation 
of the posterior urethra A perineal operation was performed on October 15, at 
which time repair of the external sphincter was attempted A redundant mem- 
branous urethra was found, and plastic repair was performed for the formation 
of a new external sphincter A catheter was inserted into the urethra A stric- 
ture again resulted from this operation 

On Jan 19, 1920, he was again admitted to the hospital and dilatation was 
done with a filiform and followers On one of these occasions, a filiform broke 



Tig 19 — Relaxed and redundant posterior urethral walls with a bai of urethral 
tissue in a case of complete urinarj incontinence follow'ing perineal prostatectomy 
111 the authors’ series This patient also had a stricture in the posterior urethra 
about 2 cm from the vesical orifice w^hich is not shown m the drawing X 
indicates posterior W'all of urethra A indicates anterior , P, posterior , i?, right 
L, left 

off in the bladder, and an external uretlirotomi was performed on February 18 
The patient was discharged from the hospital on March 6 Complete urmarj 
incontinence was present follownng these larious operations On ^larch 1, 1921, 
he was again admitted for obsenation but was discharged on March 5 The 
last time the patient was heard from was six months after his last dischar^'e 
from the hospital, at which time he still had incontinence 
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Cask 6 — B , aged 59, was admitted to the Smai Hospital with onh mild 

bimptoms of prostatic hypertrophy Examination revealed an enlargement of 
the first degree in a man who was a good operative risk Cystoscopic studi 
revealed a few small calculi in his bladder There was very slight bulging of 
the prostate laterally, but a moderate-sized median lobe was present 

A perineal prostatectomy was performed on Dec 16, 1927, with the patient 
under nitrous oxide anesthesia A urinary obstruction developed after the perinea! 
prostatectomy The perineal fistula faded to close At each act of urination all 
the urine drained through the perineal fistula, none passing through the urethral 
canal The attempt to urinate caused the patient excruciating pain, owing to the 
inability of the urine to pass through the contracted internal sphincter A stric- 
ture of the internal sphincter was diagnosed 



Fig 20 — Cystogram in a case of complete incontinence following a pennci 
prostatectomy The bladder outline is cone-shaped with cavitv formation m t 'C 
posterior urethra due to loss of function of the internal sphincter an to 
presence of a stricture m the posterior urethra Incompetency of the exten 
sphincter is illustrated by the escape of dye into the anterior urethra 


On Jan 4, 1928 a plastic repair of the vesical neck was performc 
suprapubic route At the operation, the internal orifice seemed someu la 
but in the region of the old prostatic urethra was found a flap o 
appeared to obstruct completely the outflow of urine (fig 19) - 

a sound be%ond this obstruction through the urethra or retrogra e r 
bladder were unsuccessful This w'as finally broken through t,nmn 

then dilated and a catheter inserted After the remo^al of the jif; 

incontinence still existed, but urine came through the urethra wi i 
perineal wound was closed Stricture of the posterior urethra 
after operation, which necessitated another operation A suprapu nc 
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with retrograde catheterization was performed on January 27, with little relief 
from the urinary difficulty 

Urinary incontinence continued for one year On Feb 12, 1929, plastic repair 
of the vesical orifice was attempted No operation was performed on the mem- 
branous urethra at this time The result was a failure as the urinary incontinence 
persisted A bar was observed across the internal orifice This w'as excised in 
the hope of relief 

When last seen, the patient had complete urinary incontinence A further 
plastic operation is to be considered 

A cystogram (fig 20), taken after the prostatectomy, demonstrates a cone- 
shaped bladder with definite cavity formation up to the point of stricture m the 
posterior urethra The dye has leaked past this strictured area into the anterior 



Fig 21 — Cystogram in a case of complete incontinence with the dye completely 
filling the anterior and posterior urethra, indicating total loss of function of the 
internal and external sphincters 

urethra This cystogram illustrates the complete loss of function of both 
sphincters 

Conuneut — Cases 5 and 6 illustrate the occurrence of complete 
urinaiy incontinence following perineal prostatectomy The etiologic 
factors and resulting anatomic defects appear to be the same in both 
cases 

Folloivmg the perineal pi ostatectomy, a stricture resulted which 
caused the incontinence Despite lepeated dilatations of the stricture 
and a secondary opeiation on it, the incontinence persisted 

In both cases the strictuie occurred between the membranous urethra 
and the vesical oiifice about 1 or 2 cm from the resical orifice The 
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\esical orifice was patent and dilated in each case but an obstruction to 
the passage of a sound t\as encounteied just before the sound reached 
the tesical orifice In addition there uas an obstructing bar in one 
case (B ill fig 19) tthich deflected the tip of the sound 

In bLith cases the urethrotoni} incision for the insertion ot the 
Young prostatic tractor ttas made high in the membianous urethra 
rather than close to the apex of the prostate This procedure undoubt- 
edh iniuies the external sphmctei The internal sphincter ulncli is 
the sphincter most frequent!} injured in eithei a perineal or a supra- 
pubic pi ostatectom} , was destroyed here by the tugging and trauma 
incidental to the removal of an adenomatous and fibrous gland intimateh 
surrounding the internal sphincter 

Tmo cases of complete unnai}'^ incontinence came undei our obser- 
\ation after peimeal prostatectomy had been performed at another 
institution Both patients had complete incontinence In both cases 
C}Stoscopic study revealed a markedly dilated internal sphincter and 
relaxed external sphincter In one case (fig 14) theie uas a redundant 
flap of the posterior urethra, and m the other case (fig 13) there 
a ledundanc} and relaxation of the posterior urethral walls resulting in 
ledge formation in addition to a small lobulation of tissue on tin 
posterioi urethral w^all A cystogram m the latter case (fig 21) show' 
complete loss of bladder closure due to incompetent internal and external 
sphincters 

TREATMENT 

Mail} opeiatne procedures have been described for the treatment 
of postoperative urinary incontinence m the male The methods lan 
from a plastic operation on both xesical sphincters through the combined 
suprapubic and perineal routes to the transplantation of a loluntan 
muscle (i e, the levator am lectus abdominalis pManiidalis etc) 
about the neck of the bladder or urethra We haie attempted main 
of these methods m the treatment of postoperatne urmar} incontinence 
w ith 1 arying degrees of success A discussion of our expenence> air 
results with these methods will be presented m a sepaiate article to x 
published in the near future 

CONCLUSION 

1 Urinary incontinence follownng suprapubic or peiineal 

toil!} occurs more frecjuently than one w'ould suspect after a thoroix 
rcMew of the literature 

2 In our series of 220 prostatectomies postoperatne 
incontinence of some degree occurred in 1 case (0 7 per cent) 

134 suprapubic and 5 cases (5 8 per cent) of 86 perineal pro?tatectoni^^^ 

3 Urmar}' incontinence occurs more frequent!} follow m-. pc 
than suprapubic prostatectomy 
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4 Unnaiy incontinence indicates a lack of complete control of the 
passage of mine through the urethra The degree of incontinence may 
be complete oi paitial, depending on the degree of control of urination 
manifested 

5 Unnaiy incontinence may follow any suprapubic oi perineal 
operation when both vesical sphincters are involved 

6 The occurrence of urinary incontinence following eithei type of 
prostatectomy is dependent on the destruction oi deiangement of both 
vesical sphmcteis 

7 The failure to preseive eithei the internal or external vesical 
sphinctei will lesult in unnaiy incontinence 

8 In the hands of expeiienced suigeons, the probability of damaging 
either vesical sphincter is decidedly less during a perineal than during 
a suprapubic piostatectomy 

9 It appears that in the majority of cases the functioning sphincter 
following supiapubic and peiineal piostatectomy is the external vesical 
sphincter, hut in some cases of peiineal prostatectomy the internal 
sphinctei may also lie pieseived 

10 In our studies of piostatectomy we found that the etiologic fac- 
tor m the pioduction of uiinary incontinence is moie fiequentU injury 
during operation to the external sphincter than injury to the internal 
sphinctei, as the internal sphincter may have been injured oi destro}ed 
prioi to operation 

11 The type of hemostasis eniplo3'ed ma}' influence the preservation 
or destruction of one oi both sphmcteis 

12 Hemostasis in the supiapubic prostatectomy is essentially an 
intra-uiethral compression of the enucleation cavity from above b} 
means of gauze packs or hemostatic bags or metal cones The same 
condition exists when a Davis bag is used for hemostasis in a perineal 
piostatectomy Such a method tends to form a pouchhke deformity in 
the posterioi uiethra and to dilate further and possibU destrov the 
Intel nal vesical sphincter 

13 Hemostasis when the perineal method is used is dejiendent on an 
intiaprostatic compression maintained by packing the prostatic cavity 
(betiieen the piesen’^ed urethial wall and the prostatic capsule) from 
belou with gauze In this manner, damage to the lesical sjihincters 
IS aioided 

14 Injur} to the vesical sphincters can be avoided m a properly 
pel formed perineal prostatectoni} (1) by retracting the external 
sphinctei and transverse perinei muscles upward , (2) hi making the 
uiethiotomv incision for the introduction of the Young prostatic tractor 
belou the external sphincter, preferablv at or near the apex of the 
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l^robtate, (3) by an extra-urethral removal of the hypertrophied gland, 
lta\ mg the internal sphincter and prostatic urethra intact, and (4) b\ 
(\trtmg traction on the Young prostatic tractor m an upward and 
outward direction 

15 The introduction of a catheter into the bladder thiough the 
urethra dt tht completion of a perineal prostatectomy facilitates the 
healing of an injured vesical sphincter and acts as a splint to preser\e 
the contmuit) of the urethial walls 

16 Various anatomic defects about the vesical neck and posterior 
uiethra resulting from suprapubic and perineal prostatectomy may be 
associated with the loss of function of both vesical sphincteis 
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ACTINOMYCOSIS OF THE THORAX^ 


LOUIS P GOOD, MD 
Fellow in Surgery, the Mayo Foundation 
EOCHrSTER, MINN 

The eases of actinomycosis of the thorax have been divided into 
two groups piimary and secondary Actinomycosis of the thorax is 
considered primaiy when the infection involves some organ or tissue 
within the thorax, piimarily Secondary actinomycosis of the thoiax 
IS a condition in which the organs oi tissues of the thoracic caviti 
become iiwolved secondarily to an actinomycotic lesion elsewhere in the 
body 

Clinically, Naussac ^ classified actinomycosis of the lung as (1) 
broncho-actmomycosis, (2) pneumo-actmomycosis and (3) pleiiro 
pneumo-actinomycosis Choux^ added a fourth group, thoracopulmo- 
nai} actinomycosis, to designate the involvement of the thoracic wall 

In primal y actinomycosis of the thorax, infection may take place b\ 
inhalation of the organism or by infection of the esophagus, fioin which 
the mediastinum, pleura and lung become involved The lungs ma} be 
invoh’'ed secondarily, by diiect extension, by embolic or metastatic means, 
or m the manner in which primary actinomycosis is acquired, presum- 
ably as a lesult of the lesion in the body 

The mannei in which the disease is acquired makes little difteience 
in the ultimate outcome, as observed at necropsy At postmortem exami- 
nation of patients who have died of actinomycosis of the thorax, one 
frequently finds over the affected side one or more hard, indurated, 
bluish-red, boaidhke swellings in which a draining sinus oi several 
draining sinuses ma)^ be present The most common sites of these 
actinom) cotic abscesses are anteiiorly, near the breast or in the axillan 
region, and posteriorly, near the angle of the scapula If the tissue oier 
one of these abscesses is incised, a fistulous tract wdnch extends into t le 
diseased pleuia frequently may be found When the ribs in such 
region are exposed, occasionally elevation of the periosteum and som 
erosion of the rib will be found When the thoracic cavit} is opcnec 

■■ Submitted for publication, Nov 25, 1929 
‘kbndgment of tbesis submitted to the Facultj' of the Graduate 
the UnuersiU of Minnesota in partial fulfilment of the requirements 
degree of ]\Iaster of Science in Surger}, June, 1929 

1 Xaussac Joseph The Pathology, S3 mptomatologi, and Diffcrcntn 

nosis of Pulmonari •ketmomi cosis, Internat Clin 3 1 1921 

2 Cl oux quoted b\ Naussac (footnote 1) 
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a thick fibrous pleura is encounteied which is densel} adheient to the 
thoracic ^\all b} thick, fibrous bands, foiming a ineslwork iii which 
small 01 large amounts of pus ma} be harbored Numerous irregular 
canals maj be found coursing through the thickened pleura The canals 
may lead to an abscess or to a bronchus 

The lung ma} present two t}pes of lesions In one t3pe the lung 
IS laige, edematous, heavy and leather) , this is known as the pneu- 
monic t)pe because on section, the appearance frequently is that of 
disseminated hepatization Small, firm grayish-yellov nodules fre- 
quently are found scattered through the pneumonic area If section is 
made thiough one ot these nodules, it stands out above the surrouirdmg 
tissue, and frequently a small amount of liquid material may escape 
trom it Careful examination of this material usuall) reveals the pres- 
ence of a tiny, gra) ish-yellow granule, the sulphur granule The sur- 

T \BLE 1 — Suiinnaiv of Svinplonn tn Foitv Cases of Pnmaiy Actmom\cosi<; of 
the Thoia\ Recorded iii the Liteiatuic 


Symptoms 

Present 

Xot Recorded 

Absent 

Doubtful 

Fcier 

34 

1 

1 

4 

Cougli 

36 

1 


3 

Pnin 

3S 

2 



Expectoration 

27 

4 

4 

3 

Hcmoptjsis* 

3 

5 

17 

5 

External abscess 

32 

2 

6 


Sinuses 

2.3 

S 

0 


Loss of ireightt 

36 

5 

2 

2 

Im ohement of rib« 

10 

10 

0 

11 

Involvement of vertebr a 

4 




Ini oh ement of sternum 

1 




■Vncmia 

20 

0 

2 

10 


* In ten cases the sputum pas streaked pith blood 
t One patient gamed p eight 


tace of such a lung is usually irregular and lOugh as a result of broken 
adhesions In the other t}pe of lesion the lung is small, sclerotic and 
reti acted towaid the hilum The surface of the lung is smooth 

The bronchial tree may show few changes Theie is peribronchial 
fibiosis and, possibly slight thickening and edema of the walls The 
lumen may be iiregularl) dilated, and at times a bronchus ma) be com- 
pleteh plugged vith mucoid material 

jMicroscopically, the disease is characterized b) maiked hyperplasia 
ot the interstitial connective tissue large areas of granulation tissue 
abscesses integnt) of the blood vessels and absence of giant cells 

PRIMAR\ LESIOXS 

Ibis stud\ IS based on thirteen cases of priinar) actmom\ cosis of 
the thorax obser\ed at the AIa}o Clinic The condition vas also found 
in toit\ cases lepoited in the literature and the significant SAmptoms 
were tabulated (table 1) with a Mew ot correlating the conditions in the 
two senes 





good—aciinomycosis of thorax 


789 


esophagus, then by virtue of its anatomic position one ould expect the 
left lung to be the seat of the disease more frequently than the right 

According to Cope,^ the lower lobe is affected twice as frequently 
as the upper lobe In West’s series, the lower lobe ivas involved m 
thirteen cases, the upper lobe, in three cases, and the middle lobe in 
four cases 

Symptoms — The patient datei the onset of his illness, in many 
instances, from the time a bloiv ivas leceived on the chest or shortl;> 
thereafter Whether or not the impact is sufficient to create an injury 
or place of lowered resistance m the mucosa of the bronchial tubes or 
the esophagus is doubtful However, such a history is sufficiently 
common to be noteworthy 

The clinical s3’'pmtoms of actinomycosis of the thorax ma}’’ simulate 
those of two or three other diseases The type of disease that the con- 
dition simulates, depends both on the mode of infection and on the 
extent to which the disease has progressed ivhen the patient comes under 
observation 

If the organism is inhaled, the first tissue to react is the bronchial 
mucosa The reaction may be so limited that there will be no objective 
symptoms, and the organisms will pass immediately through the bronchial 
wall to involve the pulmonar}^ parench3'^ma On the other hand there 
may be lather diffuse stimulation of the mucous-forming cells of the 
bronchial tubes, giving rise to profuse expectoration, var3mig in char- 
acter fiom almost pure mucous to fetid mucopurulent auscous sputum 
111 which there are greenish-gra3f or 3felloAVish-gray bodies The S3mp- 
toms are suggestive of simple catarrhal or mucous bronchitis when the 
sputum IS mucoid, and bi onchiectasis Avhen the sputum is fetid The 
typical sulphur granules ma3' be found m the sputum at this time 
Raielj", as in Canali’s ^ case, the disease is confined to the bronchial tree 
It ma) be said, therefore, that in the bronchial form the S3mptoms of 
actmoin3"cosis are those of mucous bronchitis, occasional^ accompanied 
hi cough and usuall3 associated Avith productne expectoration Avhich 
ma3 or ma3’’ not be fetid, m Avhich on careful, repeated examinations of 
the sputum, Actinomyces ma}’^ be found 

In some cases the organisms spread from the bronchus through the 
bionchial wall to immhe the pulmonar} tissue In a few of these cases 
although invohement of the lung is widespread, there ma} be no SAmp- 
toms mdicatue of organic trouble until late m the course of the disease 

4 Cope V Z A Clinical Stiidi of '\ctinomj cosis with Illustratne Cases 
Brit T Surg 3 55 1915 

A Cainli quoted b\ Hektoen Liidiig -kctinoini cosis oi the Respirators 

Tract Iiiterint Clin 2 97 1901 
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Frequentl}, ho^^'ever, the disease spreads rapidly along the bioncliial 
tubes and bronchioles and produces, with the aid of secondary organisms 
bronchopneumonia In this event, the patient will have fever, cough, 
pain malaise, and other toxic symptoms, and the sputum may possibh 
he blood-tinged The general and roentgenoscopic observations too, 
are those of bronchopneumonia The disease runs the course of ordin- 
al} bronchopneumonia with the exception that the symptoms do not 
subside as quickly as would be expected m a case of simple pneumonia 
After foui or five weeks, the patient notes definite loss of strength and 
possibly some loss of weight, which, m conjunction with the history of 
cough and, at times, of blood-tinged sputum, lead the physician to sus- 
pect tuberculosis In uncomplicated cases, repeated examinations of the 
sputum will be negative for bacilli of tuberculosis At this stage a 
correct diagnosis is not often made and, consequently, the patient is 
tieated for tuberculosis In the course of time, the disease spreads 
peiipherally to involve the pleura, and gives use to the symptoms 
encountered in the pleuropulmonary form , the symptoms will be com- 
mented on under this heading 

In other cases, the symptoms may be solely those of an abscess, vliich 
may rupture into a bronchus and cause a quantity of pus to be expec- 
torated The associated fever and toxic symptoms are relieved thereby 
On the other hand, the abscess may remain practically stationary, or maj 
find a path to the pleura, eventually causing empyema Roentgenoscopic 
examination of the thorax frequently will show the presence ot an 
abscess 


In most cases, geneial examination shows the lesion in the lower 
lobe Roentgenologic examination shows peribionchial infiltration with 
a rather marked degree of pulmonary fibrosis, if abscesses are present 
these frequently will be visible 

AVhen the disease has progressed to involve the pleura, pain i 
usually an outstanding feature of the condition Soon the patient wi 
run a septic temperature, and will have night sw^eats and iiicrcasnu 
dyspnea Over the affected side, the respiratory excursion is decrease 
and dulness, or even flatness, and diminished breath sounds ma\ 
noted A fiiction rub or rales may be present, depending on 
and extent of the lesion A roentgenogram may show a thickened p 
or the accumulation of fluid In the latter instance, a presumptnc ( ■ 
nosis of empyema usually'^ is made To confirm the diagnosis an 
mine the character of the lesion, thoracentesis frequently is 
the needle is inserted in many places before any fluid is foun 
IS found instead of a large quantity', as in ordinary empyema, on 
2 to 5 cc can be withdrawm into the s^rlnge This is rather t\p 
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actinomycosis and is due to the fact that the needle is inseited into one 
of the small pockets of pus Sulphur granules often may he found in 
this fluid 

Once the disease has attacked the pleura it is only a matter of time 
before the process extends to involve the thoracic cage The disease 
extends by diiect growth and is especially pi one to follow a punctuie 
wound, such as is made m thoracentesis A thick, leathery indurated 
process is present about the involved tissue, which eventually becomes 
led and tender, and fluctuates At this time, the patient experiences 
pain, fever and toxic symptoms When the abscess is drained the 
symptoms disappear, hut a sinus is formed which drams indefinitely 
The natural tendency of the disease is to spiead to the surrounding 
tissue, and this tendency becomes much greater if the sinus heals and 
prevents free discharge of the fluid In the course of time, a series 
of abscesses and as many sinuses foim If there is not ample diainage 
of these abscesses, the patient feels sick and weak and luns the typical 
couise until diamage is reestablished 

If the disease is contracted by way of the esophagus, the mediastinum 
and pleura are involved first, and the symptoms will be similar to those 
described for a similar stage of the disease 

Theie are a few symptoms which occur with such regulant} in the 
disease that it is woith while to comment on them at length The data 
given are based on a study of the S 3 nnptoms in this senes of cases and 
the cases reviewed from the literature 

In piacticall}^ all cases of actinomycosis of the thorax, fever develops 
during the course of the disease Of the forty cases leviewed, there 
was a history of fevei m thirty-four, in the other six, fever was not 
mentioned In this series, nine patients had fever while under observa- 
tion The fevei is probably due to invasion by a secondaiy organism, 
it is usuallj" more pionounced in the evening, although it ma}’^ occur in 
the morning The temperature seldom runs higher than 101 F If an 
abscess is present or if the invasion of secondary organisms is rapid, 
the temperature may go much highei Fever due to abscess or empj ema 
is of the septic type, and will disappear soon after adequate drainage 
IS established Fever due to a bronchopneumonic t}pe of lesion will 
^ar^ according to the progress of the disease 

Expectoration is present m from 60 to 70 per cent of the cases and 
^a^les considcrabl} in amount It is often streaked vith blood, probably 
on account of suppuration and rupture of peribronchial granulomas 
Often it is fetid reminding one of the sputum m bronchiectasis 
Occacionalh it is mscous and on standing separates into ti\o la\ers 
the upper la^er is mucous the lover la^er is mscous and is composed 
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of a yellow sediment in which the elements of Actinomyces ma\ be 
found 

Hemoptysis is relatively lare Of forty cases in the literature, in 
only two had there been definite hemorrhage, in one of these, about 
125 cc of blood had been expectorated In a third case there had 
been considerable blood m the sputum for four days All of these 
patients died In the present series there had been sudden hemorrhage 
from the lung in one case, but subsequent recovery was remarkable 
The reason hemorrhage is so rare in actinomycosis of the lung, as 
Naussac pointed out, is the almost total lack of erosion of the ivall of 
the vessel even “in an abscess undergoing purulent melting” Ibis 
integrity of the blood vessels is chai actenstic of actinomycosis and 
distinguishes it from tuberculosis As noted, the sputum often is 
streaked with blood, possibly owing to rupture of peribronchial 
granulomas 


During the course of the disease, piactically every patient siifters 
pain The character of the pain may vary greatly It may be an 
intermittent “sticking” type felt through the thorax, which is haidh 
severe enough for the patient to note In some cases, it may be a sense 
of constriction thiough the thorax When the pleura is involved tlic 
pain is much more severe and may become incapacitating The char- 
acter of the pain frequently changes after a few days from a sharp 
respiratory type to dull, constant pain Occasionally, the disease spreads 
to involve the vertebral column and the anterior nerve roots, and causes 
root pain Complications, such as rupture of an abscess from the 
pleural cavity into the peritoneal cavity, producing severe, cramphke 
pains and collapse, must be kept in mind The psoas muscle is involied 
in some cases, frequently, this gives rise to painful contracture vhich 
necessitates the application of Buck’s extension for relief 


Cough IS a symptom in 90 pei cent of the cases, although it ma' 
not be bothersome If the disease staits as apparent bronchitis or 
bronchopneumonia, cough occurs early and may subside as the 
progresses In other cases, it does not appear until late Usual i ^ 
cough IS productive, less frequently, it is a nonproductive, hac 
cough, and occasionally it is paroxysmal 

The sense of weakness may be the first and chief complaint 
111 the course of the disease, it is a constant complaint '^Tgji'thc 
experienced in about 40 per cent of the cases , it is present v ^ 
lung IS sufficiently involved to embarrass respiration, and is 
monh present m the sclerotic type of lesion of the lung 
this sMiiptom ma} occur earty in the course of the disease. i 
late The eaih manifestation of involvement of the p etira 
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pleuntis, which becomes puiulent pleuntis or empyema as a result of 
the invasion of secondary organisms An 'actinomycotic abscess may 
perforate into the pleura and produce empyema The empyema pocket 
may be large, but more often it is small, because of interlacing fibrous 
adhesions Anemia is noticeable rather late in the disease in from 65 
to 70 per cent of the cases In this series, the average percentage of 
hemoglobin was 67, but in some cases the percentage of hemoglobin 
was as low as 29, and transfusion had to be gnen Marked loss of 
weight is the rule In this series, the average loss of w'^eight was 34 
pounds (15 4 Kg ) In an occasional case, w^eight wnll be gained for a 
time at least Night sweats are noted onl}' if the condition is definitely 
septic or the patient is markedly debilitated Clubbed fingers w^eie 
evident in onl} one case, and in this case emp}ema had de\ eloped 
In all probabiht}, such a condition occurs onl)' in the piesence of 
associated purulent pulmonary complications Because of the close 
proximit}'' of the diseased pleura to the thoracic w'all, the latter becomes 
imohed in from 80 to 90 per cent of the cases A fistulous opening 
from the pleuial cavity to the soft tissue of the thorax frequently is 
found 

In the region of the abscesses theie may be definite eiosion of the 
ribs The ribs w'ere definitely involved m 25 per cent of the cases 
noted in the literature, whereas the vertebrae w’^ere involved in 10 per 
cent Occasionally, actinomycotic osteoiu} elitis may be present In one 
of the cases there w^as osteomyelitis of the sternum 

Diagnosis — The diagnosis depends on the finding of Actinomyces in 
the sputum or in the pus of an abscess or sinus or on demonstration 
of the actinoni} cotic lesion in a histologic specimen One may be aided 
in making a presumptive diagnosis of actinomycosis by (1) the char- 
acter of the sputum, (2) persistent symptoms of bronchopneumonia, 
(3) induration and formation of abscesses and sinuses in the soft tissue 
of the thoiax, and (4) examination by roentgen ray 

Diffei eiitml Diagnosis — The long duration of symptoms practically 
rules out simple pneumonia Tuberculosis is perhaps the most likely 
presumptive diagnosis Against this diagnosis are the following facts 
The lesion is basal , repeated examinations of the sputum are negative 
toi bacilli of tuberculosis, and the roentgenologic data are not topical 
of tuberculosis The correct diagnosis is made solely on the presence 
of Actinomyces in the sputum At this stage, this organism is found 
wnth relative infrequency 

Tieatmenf — The patient should be put on a full diet and be gnen 
plent) of sunshine and fresh an Special forms of treatment also have 
been found to be helpful 
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fhe use of potassium iodide in the treatment for actmonncosis is 
empiric Its action, as stated by Lieblein,® is to bung about solution 
ot the cellular infiltrative process about the abscess and the consequent 
lischc-rge of Actinomyces, in imitation of nature’s own method of heal- 
hig Stieral cases have been reported m which the organisms were 
lound 111 great numbeis in the sputum prior to the use of the drug but 
di bap] )L died rapidly under its use A short time later, at necrops}, 
AchnomMCi could be demonstrated only by the most diligent search, 
although the pathologic structural changes were present m abundance 
Progressn eh inci easing doses of saturated solution of potassium iodide 
are gnen three times a day until the patient is taking 600 minims 
(36 96 cc ) dai]}^ oi until the point of tolerance is reached Chitti • 
prefers the use of tinctuie of iodine to potassium iodide He gnes 
from 6 to 10 minims (0 37 to 0 61 cc ) of the tinctuie of iodine in milk 
three oi four times daily, and his results are rather striking The 
iodine appaiently is r-eadily absorbed when given in this mannei The 
mtra\enous use of sodium iodide has no advantage over the oral admin- 
istration of potassium iodide 

Treatment by roentgen ray and radium has given excellent results 
m certain cases The symptoms have been attentuated, and life appar- 
ently has been prolonged in many cases, m some cases on lecord the 
disease appaiently has been arrested by the use of roentgen ra^ and 
radium The success of such treatment depends necessaril} on the stage 
to nhicli the disease has progressed and on the site of the lesion 
Surgical procedures are indicated only to establish and maintain ample 
drainage of abscesses and of empyema pockets 

Cowse — In the majorit}^ of the cases the couise is progressneh 
doivnward, it is chaiacterized by increasing weakness, dyspnea cough 
pain loss of weight and increasing anemia The outcome is usualh 
fatal, and death results from the debilitating eftects of the disease or 
from secondar} infection There are a few chronic cases, howeier lu 
which the S}mptoms extend over a period of years In such cases 
patients usually feel well if there is ample drainage of the abscesses or 
empjema pockets If an abscess forms, or if there is 
drainage the patient experiences toxic symptoms of a larving (Oj, 
of sevent} If there is ample drainage of the abscess, the pat 
regains a fair state of health In other cases, the disease 
has been arrested The average duration of s}mptoms, from pro 
onset to death m the tn ent} -seven cases recorded m the literatur 

6 Lieblein, quoted bj Erving, W G Actinomjcosis 

with Report of Six Cases, Bull Johns Hopkins Hosp 13 261 - 

7 Chittv Hubert Actinorn\ cosis Successful!} Treated In I^d 
Bnt M J 1 418 1926 
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eight months The vast difteience in chiiation of symptoms between 
the senes leviewed m the hteiatuie and the senes seen at the clinic, 
piobably is due to one oi both of two factois The more nnpoitant 
factoi of the two, peihaps, is tJie advanced stage of the disease when 
the patients whose cases aie lecoided in the hteiatiire piesented them- 
selves foi tieatment The second factor is concerned with the tieatment 
foi the disease Many of the cases lecoided in the hteiatuie occiuied 
befoie the day of treatment by roentgen lay The aveiage duiation 
of symptoms fiom the piobable date of onset of the disease to death, 


Ta 1 )Li 3 — Siiiitiiio)v of Svm/’toins i;i Thvlccn Cases of Puiiiaiv Actinoiiivco^i'; 
of the Thoia\ Seen at the Ma\o Clintc 


Siraptoms , 

Piesent 

Not Recorded 

Absent 

\\ ernge 

Fever 

9 


1 


Coug-li 

9 

3 

1 


Xight snonts 

5 

C 

2 


Pleunsr 

10 

1 

2 


Wearness 

11 

2 



Pam 

11 

2 



Fxpectoiation 

0 

G 

I 


Loss of veiglit, pounds 




34 

Hemoglobin, per cent 




07 

Smuses 

10 

1 

2 


Frapyema 

3 

9 

1 


Blood pressure Sjstolic 




121 

Diastolic 




77 


Table 4 — Result oj Tieatment and Duiation of Sympto, 
Piimaiv Actinoiiivcons of the Thoiax Rceoidcd in 

nis m Foi ty Cases of 
the Liteiatuie 




Duration of 




Duration of Symptoms 




Symptoms NoV On en, 

Result 

Cases 

Per Cent 

Months Cases 

Dead 

27 

07 5 

S 5 

No inipro\eineiit 

G 

15 0 

14 1 

Impro'v ed 

4 

10 0 

24 

Ai rested 

1 

25 

2 

Not given 

2 

50 



c 

in the senes obseived at the clinic, was twenty-nine months The 
average duiation of symptoms between legistiation at the clinic and 
establishment of the diagnosis was fifteen months 

Results of Tieatment — Of the thirteen cases in the piesent senes, 
death has occuiied in six (47 per cent) In two cases there has not 
been impi m ement , m one case thei e has been apparent improvement, 
and in anothei case the condition seems to have been completely 
aiiested In three cases, follow-up data ha^e not been obtained 
(table 3) 

If the lesiilts obtained in this senes arc compared with the results 
obtained m the cases iccorded in the literature (table 4), one finds in 
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tlie latter that in the foity cases, twenty-seven patients (67 per cent) 
died In six cases iinpi oveinent did not occui , tempoiary improvement 
w as noted in five, and thei e were no follow-up data in two cases One 
patient was reported as well, but the duration of the “arrested stage’ 
in this case was only tw^o months, a period far too short to pronounce 
a patient ‘nell” m this disease 

I belieee that a combination tieatment, consisting of the administra- 
tion to toleiance of a saturated solution of potassium iodide, together 
with tieatment by loentgen lay and ladium and ample diainage, i\hen 
indicated, has definitely piolonged the life of the patient and attenuated 
the symptoms, particularly in cases in wdnch tieatment wms administered 
eaily in the course of the disease 

Prognosis — The disease is almost always eventually fatal In a 
report of eighty-seven cases of actinomycosis seen in Norway, Harbitr 
and Gi ondahl ® stated that the thorax was involved m 23 per cent All 
of these patients died Othei authors have stated that the mortaliti 
late is from 60 to 75 per cent Such an estimate is based on the knouii 
death late in a series and does not take into consideration the probable 
mortality in those cases listed as unimproved, improved and so forth 
The duiation of symptoms from onset to death is from eighteen niontlis 
to two years In an occasional case, to the contrary, the course viH 
be markedly rapid, and death will occui in from one to five months 
The symptoms in a few cases will be drawn out over a period of Irom 
six to eight years In rare instances, theie seems to be spontaneous 
and final arrest of the process 

SECONDARY LESIONS 

This study is based on data concerning sixteen patients siifteriiit, 
from actinomycosis with secondary involvement of the thorax In the 
series, the piimary lesion wms m the abdomen m 94 per cent of tic 
cases In one case the primaiy lesion was on the tibia, mam leac- 
latei, an esophagobi onchial fistula developed wnth seconclan pulmonan 
involvement The thorax becomes imolved secondaril} bi 
extension, by dissemination through the blood stream or by the int 
duction of the organism into the mouth 

The light side of the thorax wms aftected in ten cases (63 per 
table 6) Involvement was of the left side in two cases ot ^ 
or lett side m one case and of both light and left sides ^ 

The piedominance of the condition in the right side is readi i 
hr the fact that the majontv of the pnmar} lesions are m 

8 Harbit?, Frances, and Grondahl, N B Actinonwcosi 
Studies in the Etiology ]\Iodes of Infection and Treatment, m 

T6 1911 
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Side of the abdomen, and that the thoiax becomes involved secondarily 
by direct extension m a high percentage of cases If the disease is 
earned to the lungs by the blood stieam, either or both lungs may be 
aftected 

The lesions encountered in secondaiy actinomycosis of the thorax 
are similar to those m primary actmom}cosis of the thorax The 
symptoms and the course of the disease are similar (tables 5 and 6 ) 
With secondary thoracic involvement, the patient complains of greater 
weakness, and night sweats are moie tioublesome Anemia is more 


Table 5 — The Pninaiy Site of Actinomycosis in Sixteen Cases Involving the 

Tlioiai, Secondanlv 


Pnmarj Site of Lesion 

Cases 

Per Cent 

Ileocecal region or appendix 

10 

C25 

Appendi-c or sigmoid 

1 

63 

Tonsil or appendix 

1 

68 

Gallbladder or appendix 

1 

63 

Abdominal ivall 

1 

63 

Tibia or larynx 

1 

03 

Eight upper part of ibdoiiien 

1 

63 


Table 6 — Sumniaiy of Symptoms in Sixteen 
Secondaiy Involvement of 

Cases of Actinomycosis ivith 
the Thoiax 

Sjmptoms 

Present XotRecoidcd 

Absent 

Average 

Fe\er 

9 

i 

3 


Cough 

6 

6 

4 


>ight streats 

11 

3 

2 


Pleurisj 

11 

3 

2 


Woikness 

10 

5 

1 


Pain 

14 

2 



Expectoration 

7 

s 

1 


Sinus 

13 


3 


Empjema 

3 

4 

9 


Hemoglobin, per cent 




51 5 

I OSS of weight, pounds 




34 5 


pronounced m the secondary type, whereas the loss m weight is about 
the same in both types 

When the thoiax becomes involved secondarily, the disease usually 
has progressed beyond the point where one could hope to arrest it 
The symptoms may be attentuated and life prolonged b}’- following 
the line of treatment outlined for primary actinomycosis of the thorax 
In sixteen cases, nine patients (56 per cent) died Three patients 
were improved Follow-up data were not obtainable in four cases 

The average duration of symptoms from the date of probable onset 
of the disease to death was three 5 ’^ears The duration of S 3 TOptoms 
in one case was extremely long If this case were not included in 
computing the duration of symptoms, the ai erage duration of symptoms 
would be eighteen months (figs 1 to 4 ) 



4‘^ t 



n{ tVic lung 


v/bich t^'O S 


granules can 


be seen 




Fig 3 — A large blood vessel is surrounded bj granulation tissue of an actino- 
mj'cotic lesion of the lung, a, an abscess just lateral to the vessel is seen to 
involve Its wall, b, whorls in granulation tissue, and c, lung is laden with carbon 
pigment , hematoxylin and eosin , X 75 



Fig *1 — A bronchus is filled with detritus of an actinoin\cotic lesion, a, 
actinoni\ cci htmatox\hn and eosin, X 75 
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SUMMARY 

Iht b)mptoms of actinomycosis of the thorax may simulate those 
ul bionchitis bionchopneumonia, pulmonary abscess and pulinonar} 
tulieiculobis The moie common symptoms aie fever, cough, sputum, 
pain, weakness, loss of weight, dyspnea, anemia and external abscesses 

The diagnosis of actinomycosis is made (1) by demonstrating the 
sulphur gianule m the sputum, m empyema fluid or in the pus from 
an abscess, or (2) by demonstiating the actinomycotic lesion in a 
histologic specimen 

Treatment should be directed at improving the general health, the 
administration to tolerance of potassium iodide, the drainage of 
abscesses and empyema pockets, and the piopei use of loentgen lay 
and radium 

The disease is fatal in fiom 60 to 70 per cent of the cases 



INTRACRANIAL CALCIFICATION 


WITH PARTICULAR REFERENCr TO THAI OCCURRIKG IN 

1 HE GLIOMAS 

CYRIL B COURVILLE, IIB 

ARD 

LEO J ADELSTEIN, :M D 

LOS \NGELES 

Aieas of intracianial calcification are not uncommonl) seen in 
roentgenograms of the skull, associated with conditions of both a 
ph}Siologic and a pathologic nature This is particularly true since the 
Bucky diaphragm has made it possible to demonstrate the minute details 
of the skull and any calcareous material of an} magnitude within it The 
question will consequently arise as to the nature of the associated lesion, 
particularly if the loentgenograms were taken wnth the hope of estab- 
lishing the diagnosis of an obscure disease of the brain It is our pur- 
pose in this study to note first the pathologic possibilities and then to 
discuss moie in detail calcification within intracranial tumors, particu- 
larly the gliomas This is of special importance to the surgeon, for a 
calcified tumor not only gives positne testimony as to its situation, but 
also encouiages him to believe that it has benign tendencies 

CALCIFICATION IN REGRESSIVE AND DEGENERATIVE PROCESSES 

Calcification in the pineal body may be seen m the majorit} of 
roentgenograms of the skull of adults Several years ago, Schuller ^ 
called attention to the dislocation of calcified pineal bodies from the 
niidhne m intracranial tumors, a fact reaffirmed more recently by 
Naftziger - Vastine and Kinney,® in reviewing the roentgenograms in 
616 cases of suspected intracranial tumor m w'liich calcification of the 
pineal bodies w^as obseived. made a note of its position in relation to the 
anteroposterior and vertical diameters of the skull as measured on 
the lateral plate They found that its dislocation beyond certain limits is a 
laluable aid in the localization of intracranial lesions Calcification is 

* Submitted for publication ^larch 14, 1930 
From the Neurosurgical Sen ice of Dr Carl W Rand and the Neurological 
Sen ice ot Drs C L Allen and I L ^leiers Los Angeles Count\ General 
Hospital 

1 Schuller Arthur Roentgen Diagnosis of Diseases of the Head, transla- 
tion br Stocking, St Louis, C V Mosb\ Compan\, 1918, p 156 

2 Xaffziger, H C A Method for the Localization of Brain Tumors The 
Pineal Shift Surg Gniec Obst 40 481 (April) 1925 

3 Vastine J H and Kmnei, K K The Pineal Shadow as an Aid in the 
Localization of Brain Tumors, Am J Roentgenol 17 320 (March) 1927 



ARCHIVES OF SVRGERy 


S02 

albO occasionally seen in the choroid plexuses of the lateral ventricles, 
appearing as flocculent masses on one or both sides as oriented in 
btereoi oentgenograms While its significance is not clear, calcification 
in thcbC Structures may be of an initative or chionic inflammatorv nature 

At times, calcification in sclerosed vessels forming the circle of 
A illis ma\ be observed in the roentgenogram Chronic inflammaton 
conditions are probably responsible for the presence of the calcification 
and ossification m the arachnoid and dura mater ^ True bone formation 
of any size is found most frequently m the dura, especially in its 
reduplication the falx cerebri ® Calcium is occasionally deposited in 
traumatic scars of the brain, softenings of the brain and old cereiiral 
hemorrhages It may also be found m the form of small granules in 
chronic degeneratne and inflammatory processes, such as Parkinsons 
disease,' encephalitis,® malaria,** and in toxic conditions, such as carbon 
monoxide poisoning^® Macewen found calcium in the vails of 
chronic abscesses of the brain 

It may also occur m that boiderlme heterotropia, lying between the 
congenital malformations on one hand and true tumors on the other- 
tuberous sclerosis In this condition calcium is commonlv found in the 
\valls of the small blood vessels and ma} be responsible for the 
coiiMilsions chai actenstic of the lesion The suigical removal of tissue 

4 Holmes, G W and Ruggles, H E Roentgen Interpretation, eti k 
Philadelphia, Lea & Febiger, 1926, p 117 

5 Cushing, Harvev , and Weed, L H Studies on the Cerebro-Spinal Fluid 
and Its Pathw'ay IX Calcareous and Osseous Deposits in the Arachnoidca 
Bull Johns Hopkins Hosp 26 367 (Nov) 1915 Halstead, A E, and dim 
topher F Calcification and Ossifications of the iNIeninges, Arch Siirg 6 ^ / 
(Maj) 1923 

6 Dr Ra}^ A Carter, roentgenologist to this hospital, called our attention o 
the occurrence of calcification in the attachments of the tentorium to the 

In the roentgenogram, small masses of calcareous material appeared as horn i 
projections of the posterior clinoids . 

7 He Alpine, Douglas The Pathology of the Parkinsonian Sjndrome 
lowing Encephalitis Lethargica, wnth a Note on the Occurrence of Calci cation 

This Disease, Brain 46 255, 1923 Zt^chr 

8 Calcification in encephalitis has been obser\ed b\ others (Spat? 
f d ges Neurol u Psjchiat 77 261, 1922), but the essential process 
the same in this as in other chronic degenerative or toxic conditions ^ 
careous material seems to be deposited chiefli in the walls of the bloo 

9 Seifarth Deutsches Arch f Klin Aled, 1921, ^ol 134, quoted 

mann [footnote 12 p 1919] , qI 

10 Eaies EC A Contribution to the Stud% of Deposits Contan . 

cium and Iron m the Brain, Brain 49 307, 1926 i 

11 Alacewcn William Pjogenic Infectne Diseases of the Brain a 

Cord, New York The Alacmillan Compam, 1893 p 109 {ran-li*’ 

12 Kaiifmann, Edward PathoIog^ for Students and Practitioner , 

hr Reimann Philadelphia, P Blakiston’s Son S. Compam, 192 , io 
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m which calcification was found in blood vessels was recently reported 
by Geyehn and Penfield , the lesion was probably of this type 

CALCinCATION IN INTRACRANIAL TUMORS 

Calcaieous deposits ha^e been known to occur in almost every 
variety of pi unary new-growth that coiiipi omises the intracranial space 
It has been observed in gummas and tuberculomas of the biam, although 
we have not encounteied it m any such lesions coming under oui diiect 
obsenation It is also raiely found m the walls of parasitic cysts, where 
it assumes a more oi less crescentic shape conforming to the walls of the 
cyst Calcification m these conditions is indicative of a quiescent process 

The presence of flocculent shadou s in oi above the sella in roentgeno- 
grams of cysts arising from the remains of the craniopharyngeal canal 
IS of particular mteiest Luger,^-^ m reviewing the literature, indicated 
that calcification m this t}pe of tumor has been noted for man} years 
both 111 the loentgenogram and in the gross specimen He mentioned 
the cases of Algyogyis, Spi inzels, Engelman, Erdheim and Walkei , and 
the possible cases of Aschoff, Benda, Bregman and Stemhaus, and 
Boryces and Radla Heuei and Dandy found one case of this type of 
tumor in the i oentgenographic studies of a hundred consecutive cases 
of tumoi of the brain Recently, m a more comprehensive repoit, 
McKenzie and Sosman considered in greater detail the type and 
distribution of the calcaieous particles m the walls of the cysts They 
found that it occurred in 70 per cent of the cases, its appearance m the 
roentgenogram constituting thereby a valuable diagnostic sign 

While aneuiysms of the laiger ceiebral vessels have been lecognized 
foi almost two hundred years, until recently little or no attention has 
been paid to calcification occurring in their walls Schuller ^ seems to 
have been the first to call attention to the characteristic crescent-shaped 
plaques in lateral roentgenogi ams of the skull Heuer and Band} 
lepoited a typical case in their series Sosman and Vogt in leportmg 

13 Gc^ elm H R , and Penfield, Wilder Cerebral Calcification Epileps-\ 
Endarteritis Calcificans Cerebri, Arch Neurol &, Psvchiat 21 1020 (Ma\) 1929 

14 Luger Alfred Zur Kenntnis der im Rontgenbild sichtbaren Hirntumoren 
init besonder Beruchsiclitigung der Ha pophj sengansgeschwulste, Eortschr a d 
Geb d Rontgenstrablen 24 605, 1914 

15 Heuer, G J and Band}, W E RoentgenograpliA in the Localization of 
Brain Tumors, Based upon a Series of One Hundred Consecutne Cases, Bull 
Johns Hopkins Hosp 26 311 (No\ ) 1916 In this contribution, the authors note 
the earh roentgenographic demonstration of calcification m intracranial lesions 
\mong others arc mentioned calcification m a gumma (Lichtheim) c\sticercus 
CAst (Stiedal abscess of the brain (Strater), pineal tumor (Grunmach) and 
tumors of the brain (probabh gliomas) b\ Schuller and Klineberger 

16 McKenzie K G and Sosman M C The Roentgenological Diagnosis of 
Cranio-Phar\ngeal Pouch Tumors Am J Roentgenol 11 171 (Peb ) 1924 

17 Sosman M C and Vogt E C Aneur\sms of the Internal Carotid ArterA 
and the Circle of V illis \m T Roentuenol 15 122 (Peb) 1926 
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a senes of ten cases venfied at autopsy, considered two that gave 
roentgenographic evidence of the plaques In a second series of ten 
iin\erified cases, six showed the typical semilunar plaques in their walls 
Such observations are indicative of the larger aneurysms, as the smaller 
forms gne no roentgenographic evidence of their presence, except for a 
mmoi degree of erosion of the clmoids 

Tumors that had their origin from the meninges were probably the 
first to be demonstrated roentgenographically The historical cases of 
Obici and Bollici,^® and of Mills and Pfahler were undoubtedly of the 
type known as “endotheliomas'’ and more recently as meningiomas or 
meningeal fibroblastomas There are several roentgenographic charac- 
teristics of this form of intracranial tumor, as has been emphasized b} 
Sosman and Putnam,^® but the one which concerns us in this connection 
IS that of calcification within the tumor itself This is rather rare as far 
as the larger masses visible roentgenographically are concerned, but not 
infrequently small granules of calcareous material are encountered in 
the gross specimen These are probably too small to be seen in the 
roentgenogram, their shadow being “burned out” m the exposure neces- 
sary to get clear detail in the skull 

Mention has been made in the literature of shadows in the sella 
obseived in roentgenograms of the skull m cases in which a pituitary 
tumor was demonstrated at necropsy That true calcifications may 
occur in the pituitary adenomas has been known for some time, but 
verification for some reason has been delayed until lecently fi/eerv, • 
m a series of 285 pituitary adenomas studied at Cushing’s clinic, found 
19 in which shadows of calcium could be seen in the roentgenogram 
The calcareous material of one of these tumors was subsequently demon- 
strated histologically 

Calcium has been found in some of the cases of angiomas of tie 
cerebral vessels In their monograph, Cushing and Bailey® collecte 


18 Obici and Bolhci Applicazione dei raggi “V alia diagnosi di 

estranei della testa e dei tumon jntracranici, Riv di patol nen 11 > 

quoted bv Sosman and Putnam (footnote 20) 

19 Lillis, C K , and Pfahler, G E Tumor of the Brain Localized tim ^ 
and b> the Roentgen Rajs, Philadelphia M J 9 268 (Feb 8) 1902 i s, 
Pfahler, G E, and Deaver, J B An Additional Case of Tumor o ^ 
Localized Clinically and by the Roentgen Rajs, Philadelphia jM J 

27) 1902 Prim 

20 Sosman, M C , and Putnam T J Roentgenological Aspects 

Tumors Alenmgiomas, Am J Roentgenol 13 1 (Jan) 

21 Marques and Peyron Arch d’elect med , 1913, p 349, nuoted I*' 

(footnote 14) Rotkv Fortschr a d Geb d Rontgenstralilcn, lo! u 

Luger (footnote 14) rndocrinoLc 

22 Deeri E M Note on Calcification m Pituitarj Adenomas, 

13 455 (Sept -Oct) 1929 TU^nd ic -eb oi 

23 Cushing H , and Bailey, P Tumors Arising from the Uiooo 

Brain Springfield and Baltimore, Charles C Thomas, 1928, p 
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the reports of several cases, m most of which the tumor was found in 
the occipital lobe The calcareous material is found in the walls of the 
anomalous vessels, the tortuous course ot which is rather characteristic 
Calcification is not uncommon in pinealomas and teratomas of the pineal 
body 

CALCIFICATION IN TUMORS OF THE GLIOMA GROUP 

In Spite of their comparatively more lapid growth, the gliomas in 
many instances tend to undergo calcaieous change In this respect they 
are eclipsed only by congenital pituitary cysts and perhaps by aneurysms 
and anomalies of the blood vessels (angiomas) It is evident from our 
studies that the process occurs far more commonly than is usually sus- 
pected, although roentgenographic evidence of it is not always found, 
because calcareous material occurs in such minute particles Van Des- 
sel,"'’ in a study of 1,111 cases of tumoi of the brain at Cushing’s clinic, 
found 40 that gave roentgenographic or pathologic evidence of calcareous 
material in their substance Of these giowths 16 were histologically 
verified, 9 of which weie astrocytomas, 4 oligodendrogliomas, 2 neuro- 
blastomas and 1 an ependymal glioma Sosman concluded that from 
10 to 12 per cent of gliomas are demonstrable m the roentgenograph 
Bailey and Cushing referred in a special v ay to calcareous material 
in ohgodendi oghomas and neuroblastomas 

Historically speaking, Strom,*® in his treatise on intracranial calcifica- 
tion in general, cited the cases of Fittig and Oppenheim as the only cases 
of gliomas containing calcium which had been demonstrated roentgeno- 
graphically In the same year, Souques despaired of the value of the 

24 Horrav, G, and Bailey, P Tumors of the Pineal Body Arch Neurol & 
Ps 3 chiat 13 432 (April) 1925 True osteomas of the brain do occur but they 
are exceedingly rare They are usualfi' small in size and are often located in the 
floor of the third ventricle They should not be confused with “brain stones,” 
masses of calcareous material probablj' deposited at the site of old hemorrhages 
or softenings Buckley recently reviewed the literature and reported a case of this 
kind (Bucklev, R C Intracerebral Tumors, Arch Neurol & Ps>chiat 23 1203 
[June] 1930) 

25 Van Dessel, Arthur L’lncidence et la processus de calcification dans les 
ghomes Arch franco-beiges de chir 28 845 (Oct ) 1925 

26 Sosman, j\I C Radlolog^ as an Aid in the Diagnosis of Skull and Intra- 
cranial Lesions, Radiology 9 396 (Nov ) 1927 

27 Bailer, P, and Cushing, H Tumors of the Glioma Group, Philadelphia, 
J B Lippmcott Companr, 1926, p 132 In a recent contribution, Bailer and Bucr 
(J Path 6L Bact 32 735 [Oct ] 1929) stated that oligodendrogliomas are almost 
inrariablr calcified 

28 Strom S Ueber die Rontgcndiagnostik intrakranieler Verkalkungen, 
Portschr a d Geb d Rontgenstrahlen 27 577 1921 

29 Souques, A Diagnostic du siege et de la nature dune rariete de turaeurs 
ccrebrales (psammomes ou sarcomes angiolithiques) par la radiographic, Rer 
neurol 37 984 1921 
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loeiitgen la} in the diagnosis of intiaciamal tumois, although he Mas 
able to Aisiialize a “psammoma” by this means Heuer and Dandy,’" in 
6 cases demonstiated loentgenogiaphically in a senes of 100, found a 
giowth that was piobably a glioma Newell leported 3 verified cases 
of glioma containing calcareous material 

Fiom a histologic standpoint, calcification has been found in gljomas 
b} niimeions investigatoi s It Avas observed by Perkins^’ and 
Bielschowsky and Henneberg®- m cases of more laie types of gliomas, 
the ganghoghomas Rosenblath and FiaenkeP^ found calcareous 
material in the wall of ghomatous cysts Ohveciona®^ found it but 
once in a senes of 37 gliomas veiified at opeiation and necropsy, and in 
this instance it occiiiied m the w'^all of a ghomatous cyst Globus and 
Strauss found calcium m one of then cases of spongioblastoma iiiulti- 
foime In a senes of 30 cases of the same glioma, Carmichael" 
encoiinteied 3 in which calcaieous degeneiation had occuned in (he 
moie cential poitions Medakovitch found calcification in 3 gliomas 
in a senes of 24 cases Other scattered cases have been mentioned 
but complete desciiptions aie lacking oi the hteiatuie is not available 
to us at this tune 


30 Newell R R Calcification in Brain Tumors, S Clin North America 

3 775 (June) 1923 

31 Perkins O C Ganglioglioma, Arch Path 2 11 (Julj) 1926 Calcareous 
nodules were found by MaePherson in a similar tumor arising m the floor of the 
third ventricle (Arb a d neurol Inst 27 123, 1925) 

32 Bielschow'sky , Max and Henneberg, R Uber Bau und Histogeiiese der 
zentralen Ganglioglioneurome, klonatschr f Psychiat n Neurol 68 21 (Marc) 
1928 

33 Rosenblath, W Em Beitrag /ur Lehre von den Geschwulsten des Zentra 
nervensysteras, Deutsche Ztschr f Nervenh 31 335, 1906 

34 Fraenkel, Konrad Zur Pathogenese der Gelnrncystcn, Virchows rrci 
path Anat 230 479, 1921 

35 Olnecrona, Herbert Die clnrurgiscbe Behandlung der Gelnriitumorcn 

Berlin, Julius Springer, 1927, p 59 Pnman 

36 Globus J H , and Strauss, I Spongioblastoma Multiforme, a ^ 
Form of Brain Neoplasm Its Clinical and Anatomic Features, Arch i eiro 
Ps^chlat 14 188 (Aug) 1925 

37 Carmichael E A Cerebral Gliomata, J Path 6L Bact 31 , "'^i oiiu 

38 MedakoMteh, Georges Contribution a I’etude anatomique u S 
These de Pans, 1922 

39 Calcification m what may be papillomas of the choroid plexus la' 

described b% Oppenheim and Rlieindorf That of Arnold ° ] 

endothelioma of the choroid plexus of the third ventricle (Schu 1 

retcrcnce on p 157]) In fift^-fi^e cases of cerebral neoplasms ^trom ^ ^ 

tor\ M'eed found calcification m twentv-two (40 per cent) J9l4l 

on Calcification in Cerebral Neoplasms, Arch Neurol <S. Psic na 
He classified the morphologi of the calcified bodies as puuc ,! 

trabecular amorphous and periarterial Calcium was found m u 
glioma<; and m adenomas of the pituitar\ gland 
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OUR SERIES or VERIFIED CASES 

To the piesent time theie aie 28 cases of veiified gliomas in the 
lecoicls of the neuiosuigical seivice of the hospital A laige iiumbei 
of others have been veiihed at operation oi at neciopsj but, as the 
tissue IS not available foi study, they have not been included m this 
series With 2 othei cases fiom extiamuial souices, we aie able to 
report 10 histologicall> veufied and 2 unverified cases ot glioma m 
which calcification was demonstiable m the loentgenogiam oi the his- 
tologic section or both As tissue oi sections were available in the 
verified cases, we investigated m detail the histologic aspects of the 
pi oblem 

Casi I —Oss]li cation m a nciu ogliabla^loma multifoi me (•^j'ongwblastoma 
inultifoj me) m the body of the coifUK callosum 

The patient, a Mexican girl, aged 18, was admitted to the hospital in coma on 
April 26, 1926 Seven years prior to the onset of the present illness, the patient 
had spells of vomiting associated with severe headaches for a peiiod of three 
months During this time there i\as a gradual failure of vision, rvhich resulted in 
complete blindness At the end of the period all symptoms cleared up without 
treatment, the patient remaining well until two rveeks before admittance to the 
hospital At this time the headaches recurred Three days before coming into the 
hospital, she began to have generalired convulsions and vomiting 

On examination the patient appeared to be m deep coma maiked hr frequeiu 
convulsive seirures of the right side of the body and conjugate dc\iation of the 
liead and eyes to the right Siie was rather obese, the distribution of the adiposity 
resemolmg that seen in pituitary disturbance The pupils were \videl> dilated, and 
bilateral secondary optic atrophy was found A lumbar punctuic showed the 
spinal fluid to be under increased pressure Laboratory anahsis ie\ealed a two 
plus Wassermann reaction and a paretic tvpc of colloidal gold curve 

Stereoscopic films revealed a small lound mass of calcification King iiist ,ibo\e 
and slightl} posterior to the sella turcica m the midline of the skull (fig 1) 

The patient remained about the same during the period of obserration in the 
hospital She died rather suddenly before surgical exploration was attempted 
At necropsj, a fairly circumscribed tumor w'as found in the midhne of the 
brain and extending dowm into the third ventricle, apparenth having its oiigin 
from the inferior part of the bodv of the corpus callosum A compact mass of 
bone was found m the tumor Histologic studies reteiled firm, scariike tissue 
about the bonv mass, while in the peripheral portions i looseh arranged tumor 
stroma was found containing cells tvpicd of neuroghablastoma multiformc 

Comment — It seems appaient that seaen tears piioi to the illness 
which bi ought about the death of the patient a lapidly glowing tumor 
developed fiom the tissues of the coipus callosum which after a 

•40 \Vc ha\c come to indicate the tumor, commonh known as ‘gliosarcoma’ 
or more recenth ns “spongiobl istoma multiforme” as a neuroghablastoma In a 
histologic stiuh of a senes of cases m this 1 ilK)rator\ we found t\picnl and well 
dexelopcd neuroblasts as well as gli iblasts The prim ir\ cell must therefore be 
bipotcntial as is the case m the essential elements of the mcdullobl istoma ccrebelh 
\ complete report is to appe ir soon 
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fulminant course of thiee months, suddenly ceased to grow for some 
unaccountable reason The neciosis which took place at that time 
probabh was the starting point for the formation of bone, as Mas 
described In Mallory A renewed growth of the tumor came about, 
nhich hastened the death of the patient after a short course of eight 
weeks This nas the onl} case in the series m which actual bone was 
found 

Casi 2 — Multiple calcctous nodules m an atypical glwma of the left fioiital 
lobe 

A Imotvpe operator, aged 45 was admitted to the hospital on Sept 9, 1926, 
complaining of headaches, vomiting, failing vision and weakness in the ngiit arm 
and hand, all of sia months’ duration 



Fig 1 (case 1) — Mass of calcification above the sella turcica At necrops) tii 
proved to be bone formation within a neurogliablastoma multiforme of the corpus 
callosum 

At the time of admittance the patient was found to be rather somnolent a 
presented a bilateral choked disk, more marked on the left side, associate 
weakness of the right side of the face and spastic paralvsis of the right arm 
deep reflexes were increased on the right side, and Babinski s sign 
on this side There was also a slight tremor in the left extremities and Ic t 
clonus ^ 

Stereoscopic films of the skull showed numerous small calcareous 
scattered throughout the left frontal region There was an associated t n 

the frontal bone on the left side (fig 2) 

}1 

41 Mallorj. F Principles of Pathologic Histolog%, Philadelphn, 
Saunders Compan\ 1914 pp 355, 444 and 627 
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A left frontal exploration was undertaken on September 30, and a soft, inhl- 
trating glioma was exposed which seemed to fill the entire left frontal lobe The 
patient’s condition was critical, so complete removal was not undertaken He 
died a few hours later 

As necropsy was refused, the exact extent and relationships of the tumor were 
not determined The tissue removed at the time of operation was reddish grav 
and soft and it contained numerous small calcareous particles Histologic studies 
showed the tumor to be rather cellular, the nuclei of the constituent cells being 
more uniform in size than is usually encountered in malignant invasive gliomas 
of the cerebral hemispheres In architecture and cellular detail it resembled more 
nearly medulloblastoma No further tissue being available at the time of this 
study, a determination of its exact nature could not be made 

Covimeni — The distribution of the calcareous particles in this case 
was interesting, as they were found throughout the entire left fiontal 



Fig 2 (case 2) — Diffuse calcification in a glioma of the left frontal lobe 

region In no other case in our series was such a uniform involvement 
of the tumor tissue found 

Case 3 — Calcification in a fibiiUaiy asti ocytonia of the left faiietal lobe 
A Negro chauffeur, aged 26, was admitted to the hospital on Julj 20, 1927, vith 
the complaint of left sided fronto-occipital headaches, vertigo and, for the past 
three months, double Msion and failing Msion In the past -vear he had tvo gen- 
eralized coniulsions His condition grew steadih worse in spite of a submucous 
resection and anesthetization of the sphenopalatine ganglion 

On examination bilateral choked disk was found associated with a bilateralh 
diminished Msual acult^ -kside from a slight weakness of the right hand there 
were no other positne neurologic obser\ations Lumbar puncture re\ealed the 
cerebrospinal fluid to be under greath increased pressure but otherwise normal 
Stereoscopic films of the skull showed a large number ol calcified particles in 
the posterior parietal region on the left side associ ited with a thinning of the 
t ault o\er the calcified area (lig 3) 
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A left osteoplastic flap was turned down on Juh 28, 1927, and an M.iderhm? 
tumor could be seen through a thinned dura When the dura was opened, a large 
c\st ruptured spontaneously A firm, well delineated tumor was entireh renioicd 
b\ blunt dissection After a somewhat stormy postoperative course, the patient 
made a complete lecovery 

\t the time of the last examination, over two years alter the operation the 
patient was fru from symptoms and worked every day Roentgenographic 
examination of the skull revealed no further evidence of calcification 

The tissue removed at operation was rather firm, friable and reddish, and it 
contained numeious calcareous particles Histologic studies showed that it tins 
comparatively acellular and had a stroma characteristic of a fibnllarj astrocitoma 

Comment — ^The clinical coviise was ratliei short for an astiocytoma 
The calcareous particles, found particularly in the maigin of the tumor. 



Fig 3 (case 3) — Flocculent calcification in an astrocytoma fibnllare ot tl 
left parietal lobe 

seived to delineate it veiy well on the roentgenogiam 
extnpation was apparently done in this case and the prognosis uas 5,00 

Casl 4 — Calcification in a neiii ogliablasfoina niultifoi me of the nght / 

Iol)C I j 

A. cabinet maker, white, aged 42, was admitted to the psychopathic 
hospital for observation His wife stated that he bad been undergoing 
mental changes for the past six months, bad complained of headacies 0 ^ ^ 

In e w eeks and more recently had spells of n eakness and double i isio 
admission to the hospital, he had tw'o jacksonian coinuisions imoUmg le 
ot the bod^ deniointr ‘U'’~ 

On examination the patient presented marked mental changes ' 

Apical itzelsucht” as described in tumors of the frontal lobe ’ 

bilateral choking, and there ivas bilateral anosmia Some atavia, pa 
the left arm and a Babmski sign on the left were obsened 
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Stereoscopic films of the skull failed to re^eal any CMdence of inti acranial 
disease 

After careful studv, the patient was transferred to the neurosurgical serMce 
On IMarch 22, 1928 a ventricular puncture w'as done and air injected Ventriculo- 
grams show’ed a filling defect of the anterior horn of the right lateral %entricle A 
right frontal exploration was attempted on l^Iaj 10, but had to be abandoned 
because of the critical condition of the patient A reexploration a month later 
revealed an extensne mhltratmg glioma of the right frontal lobe a large portion 
of w’hich w'as resected The patient died fire dars after operation Necropsy was 
refused 

The tissue that was remored at operation was subjected to studv and the tumor 
proved to be a neurogliablastoma multiforme Small calcareous particles were 
found in the margin of the tumor 

Comment — This is anothei case in rvhich the roentgeiiogi ams failed 
to reveal any evidence of calcification, jet in rvhich the piocess was 
clearly shorvn by micioseopic study of the tnmoi tissue 

Case S — Calcification ui an atiotxtama fit olofilasniaticnin of the left fcmfioio- 
paiieial legion 

A white laborer, aged 36, was admitted to the hospital on Oct 26, 1928, wuth 
the complaint of headaches, vomiting, loss of weight and progressne failure of 
Msion of eight months’ duration 

At the tune of admittance the patient showed marked mental retardation and 
confusion , he w'as unable to give a clear account of the historr of his illness He 
was practicalh blind, having but a slight degree of light perception in the right 
Msual fields The pupils were wideh dilated and unequal, the right being larger 
than the left The optic disks showed a bilateral choking of 5 diopters’ eleiation 
There was a slight right hemiparesis associated with an increase in ihe deep, and 
a decrease in the superficial, reflexes on the same side 

Stereoscopic films of the skull revealed flocculent masses of calcareous material 
in the posterior temporoparietal region of the left side (fig 4) 

On November 15, a left osteoplastic bone flap w'as turned down and a decom- 
pression made Because of the condition of the patient, further exploration could 
not be done at the time Tw’o weeks later the region w'as reexplorcd, and a large 
mass of soft, gelatinous tumor tissue containing calcareous particles was remoied 
After a somew'hat stormy postoperatue course, the patient recovered and was dis- 
charged on Feb IS, 1929 

Because of elevation of the bone flap, he was readmitted to the hospital on 
October 8 At that time a marked weakness of the right arm and leg was noticed 
Stereoscopic films of the skull show'cd the bone flap markedlv ele\ated and riding 
on the soft tissue swelling at the site of decompression Calcareous particles were 
found both within the skull and in the soft tissue mass protruding through the 
operative defect On October 17, a reexploration was done and another large 
mass of soft gelatinous glioma was resected When the patient was readi for 
discharge from the hospital, he showed residual right-sided weakness and almost 
total blindness 

The tissue reemered at both operatue sessions pro\ed to be comparatueK 
acellular and had a stroma of fainth fibrillar\ character charactensticalh of a 
protoplasmic as'^rocitoma Numerous calcareous masses were found throughout 
the tissue 
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Comment — This rather benign tumor was supeificial in its situation, 
so that It nas exposed when the dura was opened Its extent was well 
maiked in the i oentgenogram by the contained calcaieous particles, 
which ]iro\ed of value to the surgeon wdien he attempted extirpation 
Such cases should have an increasingly good prognosis wuth the aid ot 
electrosurgiCcd methods 

Case 6 — CahifiLOhon ui a ncxo oghablastoma muitjfoniie ansmg ut the gum 
of the CO) pus callosum 

A stenographer, white, aged 30, divorced, was admitted to the neurologic 
service of the hospital on Oct 4, 1928, with the complaint of ringing in the right 
ear for six months, generalized convulsions and an ataxic gait for four inontlu 
More recently, she had complained of severe headaches and had become incontmeiit 
She had become steadily worse since the onset of her illness, and at the time ot 
admittance she showed drowsiness deepening into stupor 



Fig 4 (case 5) — Calcification in an astrocytoma protoplasmaticuni of the leit 
temporoparietal region 


On examination the patient appeared stuporous, but could be arouse to o^^^^ 
extent iSIarked mental changes had occurred The patient was stu 
refused to answer questions The pupils were irregular and unequa , t le 
being larger than the left The disks were bilaterally edematous, with an e 
of 4 diopters The extra-ocular muscles on the left side were weak, so 
was little control of movement of the left eyeball 

Stereoscopic films of the skull show'ed no evidence of intracraiiia i ea^^ 

A lumbar puncture revealed a clear fluid under increased ind 

tncular puncture w-as attempted, but, because of the condition of t le pa 
to be abandoned before air was injected The patient died six dais a 

the pciiti o' 

Necropsj rerealed a large grajish invasive glioma arising oi 

the corpus callosum and extending into both frontal lobes I pirtic>« 

Its tissue showed it to be a typical neurogliablastoma multiforme 
of calcareous material were found in the tumor tissue, particular i near 
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Comment — Ihis case further illustrates the fact that calcification 
may occur within gliomas ^\ ithout its being demonstrated in the 
roentgenogram This may not necessarily be because the films are not 
clear or are improperly taken, but rather because the calcareous particles 
may be so small as not to be visualized In any case when an intra- 
cranial tumor IS suspected, it is important to have stereoscopic pictures 
m which details can clearly be made out, so as not to overlook any 
evidence of value in the diagnosis 

Case 7 — Calctticahon vi a neut oghablastoma multifounc of the left paiietal 
lobe 

A pipefitter, white, aged 49, was admitted to the hospital on Nov 3, 1928, with 
the complaint of headaches, vomiting and generah7ed convulsions of a j ear’s 



Fig 5 (case 7) — Calcification in a neurogliablastonia multiforme of the left 
parietal lobe 

duration, vith recent failure of auditory acuity and mental confusion The symp- 
toms had progressed in severity from the onset, and it was noticed on the day 
of admission that the vomiting was definitely projectile 

Examination revealed the patient to be mentally disturbed and totallj deaf 
The pupils were unequal, the right being larger than the left There was bilateral 
choked disk of 4 diopters’ elevation The vestibular responses showed bilateral 
hypersensitivity, associated with a complete loss of hearing The deep reflexes 
were generally increased, and a bilateral Babinski sign w'as present 

Stereoscopic films of the skull show'ed flocculent calcareous shadows on the 
left side of the intracranial space beneath the parietal bone There was no 
destruction of the bone in this region, and there were no other positne observa- 
tions (fig 5) 

Ten da\s after admittance to the hospital, a left osteoplastic flap was turned 
down The dura was found to be under marked tension, and because of the con- 
dition of the patient, it was not opened He died on the dai following operation 
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At necropsy a yellowish-gray, somewhat degenerated, nivasn e glioma com,-i!n 
mg calcareous particles was found involving the left parietal lobe Microscopic 
study of the tissue shoued it to be a neurogliabiastoma multiforme 

Comment — This case is of particular interest in that the neurologic 
S)mptoms and signs were extremely misleading The marked pressure 
signs, with bilaterally and equally choked disks and bilateral deafness 
suggested a lesion of the posterior fossa, possibly a tumoi of the pineal 
body The diagnosis was accurately made from the i oentgeiiograiiis of 
the skull 

Case 8 — Calcmcons masses m ait ependyma! glioma of the left occipital gloth 

A Mexican girl, aged 6, was admitted to the ser\ice of contagious diseases 
with the provisional diagnosis of encephalitis A clear history of the illness iias 
not obtained, but the child had been ill for about a month before coming to tlie 
hospital She suddenly became comatose, and two days later was admitted 
On examination, the child appeared deeply comatose The left pupil uas iiidcli 
dilated and there was evident weakness of the extra-ocular muscles on the lett 
side There were no other positive neurologic observations Lumbar puncture 
revealed that the spinal fluid was clear and contained 60 lymphocites per cubic 
millimeter There was also a trace of globulin 

The child died before roentgenographic studies could be made 
At necropsy a large multilocular cyst occupying the entire posterior portion 
of the left hemisphere was found, containing vellow coagutable fluid A. mural 
nodule about the size of a walnut was situated on the medial wall of the largest 
cyst In the central portion of the tumor, large calcareous masses were eiicoun 
tered These felt like particles of bone and were limited in extent to tins 
portion of the tumor 

Comment — This ts the only case of an ependymal tumor of the 
senes in which calcareous material was found It is also of interest to 
note the situation of the tumor in the left occipital region It proban 
had its origin from ependymal rests derived from the posterior portion 
of the lateral ventricle Van Dessel also repoited a case of epencima 
tumor m which calcification had occurred 

C^Sh 9 — Catcificatwn in an invasive nciii oghablasfoina nitdltfoi me of l! 
fiontal Jobe , 

A housewife white, aged 38, w'as admitted to the service of Dr Car 
at the Good Samaritan Hospital She gave a history of nght-si « co ^ 
seizures of five and one-half years’ duration, associated occasional \ 
of unconsciousness The condition grew' steadily worse, so that in rccc 
the patient had difficulty with speech following the convulsive seizures 
On examination the patient appeared rather nervous and emotiona 
The evegrounds show'ed filling of the optic cups and a fulness o t ^ 

There was a definite weakness of the right arm and leg associate "> ' , 

in the deep reflexes, a Babinski sign and ankle clonus on that si 
also a decrease in sensation on the entire right side of the bot ' ,ntnrn!‘’ ’ 
Stereoscopic films of the skull did not reveal aiiv evidence o 
calcification 
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A diagnosis of left frontal tumor was made, and an exploration revealed an 
invasive glioma of the left frontal lobe which was only superficially resected The 
patient died a few days later 

The brain was removed b} Dr Rov W Hammack, pathologist to the Good 
Samaritan Hospital There was an extensive infiltrative, poorly delineated glioma 
of the left frontal lobe which seemed to originate from the anterior portion of 
the corpus callosum, spreading into the left hemisphere Histologic studies showed 
it to be a neurogliablastoma multi forme with very small calcareous particles m its 
margin and m the adjacent brain tissue 

Conniieiit — This case is interesting in that it had a long course for 
the type of tumoi found at neciopsy The small pai tides of calcareous 
material failed to be visible in the roentgenograms of the skull as in two 



Fig 6 (case 11) — Solid calcified mass in a presumed glioma of the left 
parietal region 


of the previously leported cases Of special interest was the fact that 
most of the calcification occurred in the adjacent part of the brain 
lather than in the tumor itself 

Case 10 — Calcification in a fibnllaiy asti ocvtonia of the light ceiebcllai hciiii- 

S fill DC 

\ bo\, aged 10, came under the care of a prnate phrsician, Dr Dee 111 Rees, 
who furnished us with a history of the case and \Mth the pathologic specimen 
Four years prior to his present illness, the patient had a period of seyere head- 
aches associated yyith yomiting and obstinate constipation After an illness of 
four months the symptoms cleared up and aside from sloyyness in learning at 
school, the child seemed to be normal In October, 1929 there was a recurrence 
of the headaches yylnch seemed to haye a fronto-occipital situation and yyhich 
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uere again associated with vomiting He developed a raienous appetite, which 
together with alternating constipation and diarrhea, led numerous obseriers to 
make a diagnosis of intestinal worms, for which he was treated 

On cvamination, the child appeared somewhat emaciated and not lery alert 
Tilt torehead seemed more prominent than usual, and the entire head ivas enlarged 
Tht pupils were dilated and equal and reacted sluggishly to light There was a 
lateral instdgmus, particularly to the left All the deep and superficial reflexes 
were abolished The limbs were rigid, particularly the lower extremities, the 
neck was stiff and there was a positive Kernig sign on the left side 

The child died shortly after coming under the observation of the referring 
physician and before roentgenographic studies could be made 

At necropsx, the brain was found to be much congested, the convolutions flat- 
tened and the lateral ventricles much dilated with clear fluid In the right cere 
bellar hemisphere was a hrm, fairly well delineated tumor, about 4 cm in diame 



Fig 7 (case 12) — Solid mass of calcification in a possible slow growin» ghom* 
of the left temporal lobe 

ter, with central softening About the softened area were numerous 
particles which gave a gritty feel to the cut surface of the tissue le 

portion seemed to be free from calcification bowel u"! 

The heart and lungs appeared normal on gross examination, t ic 
much thickened and its lumen gave evidence of chronic inflammation 
mils was enlarged and the lymph nodules xvere generally hxpertropue 

Comment — This case is unusual in that it is the onlx 
senes in which a tumoi xvas situated beneath the tentorium 
the posteuor fossa because of their tendency to cause ^ ^ 

probabl} bung about death before calcification takes place e\e^^ 
the} are essentiall} benign and of slow grow th It is h c ^ 

case the tumor had begun its course four years previous > . 
unknown reason had become quiescent and had undeigone 
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degeneration With a resumption of its groA\th activities there ^\as a 
recurrence of s3mptoms which brought about the death of the patient 
As far as we have been able to determine there has been no other case 
reported in which a calcified glioma was found in the posterior fossa 
It IS to be regretted that no roentgenographic studies w'ere made 

UNVERIFIED CASES 

The following cases are described because of the special interest of 
the clinical histor} and the roentgenograms of the skull even though the 
tumors w^ere not verified histologicalh \’an Dessel and Fraenkel 



Tig 8 (case 51 — Calcareous masses scattered more or less eienh throughout 
the tissue of the tumor Hematox\hn and eosin, X 95 


mentioned the occurrence ot calcification within the walls of ghomatous 
c\sts the former author reporting two which were e\acuated at the 
time of operation We are unable to sai whether these tumors were 
solid or c^stlc, because the} were deep within the substance of the 
hemisphere 

42 In 1S99 Church reported a case of cerebellar tumor which he claimed to 
haie demonstrated In the roentgen ra\ This has not met with unnersal 
acceptance because the glioma exposed at necropsi did not contain calcium and, 
irom the roentgenogram shown in his article it is doubtful it the opaque area 
represented the tumor (Church V Cerebellar Tumor Recognized Chnicalh, 
Demonstrated b\ the X-Rai and Pro\ed b\ Vutopsi Am J M Sc 117 P5 
[Tcb] 1890) 
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C\t,h \l —CakiUcatWH uj a picsumcd ghoma of the left fanctal uqwn 
A ^lexicau girl, aged 15, was admitted to the neurologic serxice of the hospital 
Jan 28, 1929 She complained of headaches, \omiting and progressue failure 
(if Msiini of one and one-half years’ duration During this period she had two 
coinuKae seizures of a generalized character 

hen iirst examined, the patient was completely blind The pupils were 
wideh dihted and reactionless bilateral primary optic atropln, more marked 
on the left side was present There was a complete right hemiparesis associated 
Mith increased deep reflexes, ankle clonus and a Babmski sign on that side Sen 
sation was also diminished on the right side, and a suggestive astereogiiosis of tlie 
light hand was noted on repeated examinations 



Fig 9 (case 7) — ^Localized masses of calcification scattered throiiglioiit 
tumor tissue Hematox-slin and eosin X ISO 


Stereoscopic films of the skull revealed a small, rather sharph dcinei 
of calcification deep in the left parietal lobe (fig 6) 

On June 30 a left osteoplastic bone flap was laid down, but no tumor 
snperficialh The patients condition was poor, and the operation had to 
eluded The patient’s family refused to consider further operatne 
she was discharged after an uneventful recoven She returned on j,,, 

sions to the clinic but there was no further change in her conclipon 
some bulging of the decompression area ^ 

Comment — It is to be legietted that tissue could not be „ 

fiom the lesion to xentb the diagnosis The growth was pr 
deeph seated siowh gi owing glioma 
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C\SF 12 ^Calcification in a possible glwma of flu lift tcnipoial lobe 
A ^lexical! ^\oman, aged 27, was transferred from the otorhl^olar^ ngologj 
serMCe of the hospital She had been under obser^atlon for acute frontal and 
maxillar\ sinusitis haMiig complained of pain m the left side of the head asso- 
ciated with generaliFcd comulsions for three \ears A right hemiplegia of gradual 
onset had been present since the age of ten 

Examination disclosed a marked right-sided hemiplegia, associated with an 
increase m the deep, and a decrease m the superficial, reflexes A definite Babmski 
sign was present on the right side and a suggestne one on the left Perimetric 
examination demonstrated the presence of a right homommous hemianopia 

Stereoscopic films of the skull showed a compact mass of calcification in the 
region of the left temporal lobe (fig 7) 



Pig 10 (case 10) — Masses of calcareous material m the central portion ot a 
cerebellar astrocitoma Hematoxihn and eosin, X 95 


\ left osteoplastic flap was turned down on Juh 11 1928 The calcareous 
mass could be palpated through the o\erhing cortex but owing to the patients 
poor condition, a decompression opening was made and the wound closed The 
patient made an uneientful recoieri and was well when last examined 

Comtnent — This case also lacks positne aerification ot its true 
natme Because of the lett-sided headaches the homouMnotis 
hemianopia and the light hemiplegia of slow onset we assume that it 
was a neoplasm possibh a glioma 

THE PROCESS or C \I CIFIC VTIOX IX THE GLIOM\S 

The deposit ot calcium within the boda tissues is dependent on some 
chemical change aahich laaors the precipitation of blood calcium The 
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calcium salts of the blood are held in simple solution oi in combination 
with piotem substances This suspension oi combination, evidenth an 
unstable one, may be altered by variations in the h}drogen ion concentra- 
tion ot the tissues, changes in the carbon dioxide tension, or perhaps b\ 
quabtatne oi quantitative changes in the salts themselves, as ivas sug- 
gested b} \\ ells This author further believes that necrosis lualine 
change and an enfeebled cii dilation are also factors in the piocess Itn 
also possible that such regressive changes in the involved tissue resu'^ 
m the foimation of some calcium-bindmg substance, such as phosplioiic 
acid 01 the tatty acids This is significant in view of the occunence of 



Fig 11 (case 1) ■ — Bone formation in a neurogliablastoma multiforme 


corpus callosum Hematoxjdin and eosin , X 95 

calcium deposit in those parts of the glioma ivhich have iintierj,on 
degree of fibrosis j 

The necessity of this predisposing clegeneratne process 
b} van Dessel m his study of calcification in the gliomas 
the piesence of hyaline changes in the walls of blood n 

calcium was deposited This is in accord with the new ot > 
wdio considered hyaline change in the blood \essels as 
deposition of calcareous material In our cases ne nere 
the almost complete absence of hyaline change, there wa 

43 Wells H G Chemical Pathologv Philadelphia ^ 
pam ed 5 1925 p 486 
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evidence of am other t)pe of regressive process As previousl} stated 
the calcareous masses weie inclined to be more common in areas where a 
certain degree of fibrosis had taken place Whether this is a coincidental 
or an associated observation is not possible to settle at this time In a 
f ei\ instances minor h} ahne changes in the walls of the blood vessels, as 
indicated b) a loss of tissue morpholog) \\ ere obser^ ed but never to the 
degree described b} A’^an Dessel From our observations it seems evident 
that the essential factor must be an interference with local tissue respiia- 
tion A\hich may take place without an} alteration m tissue structure 
The distribution of the calcareous particles ivithin the gliomas a aried 
greatly in the different cases as obserA'^ed under Ioav poAV’^er magnification 



Fig 12 (case 5) — Colloid globules m the ^\all of a blood Aessel in which 
calcification is taking place Hematox\ hn and eosin , X 850 


In some instances, it was fairh eienl} distributed throughout the tumor 
tissue (figs 8 and 9) , in others it AA^as bunched together or confined to 
one or tAAo larger masses in a single situation (fig 10) In one glioma 
a large central mass proA^ed to be actual bone (fig 11) This irregu- 

44 Actual bone formation in tumors of the intracranial structures is apparenth 
01 \er\ rare occurrence The onh cases that we haAe found cited in the literature 
are those referred to b^ Oppenheim — a parth ossified tumor of the cerebral 
hemisphere and bone formation in a glioma (Oppenheim H Die Geschwulste des 
Gehirns, ed 2 Xothnagel Handbuch der speziellen Pathologic 1903 quoted b\ 
Schuller [lootnote I]! 
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lai distnbution accounts veiy likely ior the comparatively low peicentage 
ot calcified gliomas found at opeiation, the calceroeus pai tides being 
situated m the lemammg deepei portions of the tumoi In the nenro 
giiablastomas of om senes, the more cellulai and rapidl} growing por- 
tions tontamed no calcium, while the more fibrous and acelluiai arc<v 
were studded with calcietions 

The ealeification was found most chaiactenstically in the adventitia 
or media ot the blood vessels In no instance was it found m the 
intiina, although droplets of calcium weie observed on one occasion 
within a group of blood cells within the lumen The situation oi the 
deposit would suggest that the piocess larely takes place in actual con- 



Fig 13 (case 5) — Spotlike calcification marking the course of capillaries 


margin of the glioma Hematoxylin and eosin , X 350 


tact Nvith the circulating blood, but rathei in tissues somenhat 
tioni It It also suggests that calcification usually is not jui; 

tissue where an active ciiculation of the tissue fluid is taking 
that m these aieas it is usually secondai} and spreads ou 
the vessel 

The prehmmar}'^ stage m the process, at least in the 11 ,^ 

was the appearance of small round shothKe gloiiules in ^ f 
12) iMallory referred to the presence of these droplctj^ u ^ colli)*’ 
the actual deposit of calcium and considered them to )e 
nature In the smaller vessels and capillarie':, the droplets o 

45 Mallorj, F A Contribution to the Studv of Calcareous C 
Brain J Path &. Bact 3 110 1856 
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matei lal appeal as i ound individual or coalesced globules which marked 
the course of the involved vessels through the tissue (% 13) In a 
iurther stage, coalescence of the globules converts the vessel into a rigid 
tube best seen in cioss-section as a ring ot calcium (fig 14) Com- 
plete occlusion of the lumen may follow In the smaller vessels, iihere 
distortion may take place easily, the lumen may be obliterated earh, 
appeal mg as a small solid mass of calcareous material Where some ot 
the Idigei ^es&els have been sectioned longitudinally, small masses of 
calcium aie obseived here and theie in their cotnse (fig 15) Ir our 
case of calcification m an ependymal glioma, the calcified vessels formed 
a veritable meshwork in a central fibiosed aiea (fig 16) This is 
suggestive of the process described by Bassoe and Hassin 

In one case, small shothke particles of calcareous material were found 
scattered throughout the tissue, having no particular relationship to its 
vasculature In this case, corpora amylacea ivere observed, some ot 
which were undergoing calcification (fig 17) 

The process occurs less frequently and characteristicall) within mdi- 
\ idual tumor cells Either the nucleus or the protoplasm of the cell 
may be the seat of small globules of calcium Whatever the original 
situation may be, it tends to expand peripherally so that the entire cel! 
IS filled with a spherical mass When starting m the protoplasm, winch 
seems to be the more common point of origin, the nucleus is found 
crowded to the periphery of the cell in the form of a crescent When 
the process occurs in a group of cells, it gives the appeal ance of a bunch 


of giapes (fig 18) 

The deposit of calcium in the stroma as a primary piocess vas 
unusual We observed it in a few isolated places in vhich sma 
globules were found outside of a cellular structure and uitlnn tic 
fibrillary stroma This phenomenon may be accounted for b> the coni^ 
paiatively less demand for active metabolic activity on the part o 
stroma Calcium was found in a few instances within evtraiascu. 


masses of blood cells 

The association of calcification with small cystic cavities at the m. 
gm of slower growing neui ogliablastomas was obsened m u 
The c}sts are probablv the result of tissue liqui faction incKent^ 
interference with the local blood suppl) In the cases stu 
calcareous particles were confined to the margin ot the tumor 
adjacent biain tissue, none being found m its more centra p 
The small particles weie found largely in the vails of the capi ^ 


46 Bassoe P and Hassin, G B Calcification of the la ' 

Clinical Picture Simulating Brain Tumor, Arch Xeurol S. Ps\cin 
1921 figure 2 
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Fig 16 (case 9) — Mesiiwork of calcified blood \essels in tlic central portion of 
an epend\nial glioma Hematowlin and eosni , X 95 
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vessels Its small bulk v>as further emphasized hy the fact that a re\ie\\ 
of the roentgenograms sho%Yed no evidence ^\hatevel of its piesence 
Whenever the margin of the tumor appears spong} m the gross speci- 
men, it IS possible that such calcareous deposits will be found This 
seemed to he the case m a glioma of this t) pe studied by Medakovitch 

In the brain tissue at the inaigin of the tumor m oui cases, the 
process seemed to be confined entirel}'^ to the walls of the blood vessels 
Careful study of the ganglion cells undergoing legressne changes 
revealed no deposit of calcium We mterpieted this to mean that the 
degenerative process w^as taking place too rapidly or that the othei 
factois w^ere absent Landau^' repoited the occurrence of spothke 
calcification in the blood vessels and the ganglion cells at the maigm of 
a diffuse glioma 

A review^ of the question of calcification wuthm the tissues of the 
brain shows that numerous conditions may bring about an alteration of 
the lespiratory exchange favoring the deposit of calcium Tins change 
seems to affect most characteristically the walls of the blood vessels but 
may extend out to involve the elements of the nervous system In this 
sense a glioma may be considered as one of the factors that inteitere 
wath the respiiatoiy activit}’- to the extent that calcium is deposited 
This IS true particularly when it is recognized that the blood ^essels of 
the glioma aie probably those of the preexisting hi am tissue the space of 
w'hich the tumor has come to occupy, although some are also newh 
formed Strength is added to the argument b\ the deposit of calcium 
in the maiginal biam tissue often in addition to that m the glioma itself 
the nutritional disturbance extending foi a variable distance be>ond the 
actual boideis of the tumoi 

SUMMARY AXD COXCLUSIOXS 

1 A short geneial leMew^ of the occurrence of intracranial calcifica- 
tion IS gnen with the pathologic possibilities Calcareous deposit ma\ 
be found in practical!} c\er\ t^pe of piimai\ intracranial new-giowtb 
although with the exception of the cianiophar} ngeal pouch c\sts it i^^ 
piobabh most common in the gliomas 

2 H\ aline degeneration or other marked rcgrc'^'^ne changes arc not 
es‘>cnlial to the deposit of calcium in gliom.as It is essentialK a chemical 
lalhci than a histologic piocess The calcareous material i«; found 
tbar ictcnsticalh in the media and the ad\entitia of the blood ee'^'^eh 
occiiriing to a much k'^s extent m the cells of the tumor and ecr\ 
larch in the stroma The association of c deification in small blood 
\esvtls with liquefaction c\sts at the margin of the glioma is noted 

47 I.-uuhu Mix Dts difTiist. Gliom tk- Gviiiniv rriiiKUi'-t 7uchr i Pul 
5 4(,0 1010 



828 


ARCHIVES OF SURGERY 


3 The piesence of calcification is of value in the diagnosis mid 
localization of gliomas, and furthei emphasizes the importance ot secur- 
ing satisfactoiy roentgenograms of the skull m every case in which 
inti acranial tumoi is suspected The distribution of the calcareous 
material is usuall) evenly spread throughout the tumor tissue and gnes 
some conception as to its size and relationships The duration of the 
SMiiptoms will often suggest the type of glioma that can be suspected 
those with a histoiy of from six to twelve months will likeh he 
neuiogliablastomas (spongioblastomas), while those ot longei duiation 
will moie likely be astrocytomas 

4 Because of the small size of the individual masses, calcareous 
mateiial may be present in a glioma and yet fail to appeal in the 
1 oentgenogi am Roentgen examination usually reveals an associated 
thinning of the skull over the tumor, indicating a local lather than a 
general increase in pressure 

5 As observed either i oentgenogi aphically or histologicalh the 
calcaieous pai tides show a variable distribution in the tumor tissue 
They maj be spread evenly or unevenly throughout the tumor or nia\ 
be confined to a single dense mass in its more central portions 

6 Calcification m a glioma is an indication of its relative rather than 
Its absolute benignity A laige piopoition of oui cases showed the ran 
ety of glioma considered malignant The process may apparenth occur 
in any tvpe of the gioup 

7 Twelve cases are reported Of the ten growths verified his 
tologically, file proved to be neurogliablastomas (spongioblastoma'-) 
thiee weie astrocytomas, one was an ependymal glioma (ependMiioIila 
toma) and one an unclassified glioma, apparently a cerebral mediifio 
blastoma 


8 Actual bone formation was found in one case In the ” j 
we found the record of but one other case in which bone formation^ 
taken place m a glioma, that of Oppenheim We report a ca 
calcification m a cerebellar glioma, the counterpart of ivincb 
not been able to find m literatuie This is probably of more rc^ 
than actual import, for theie is no reason why calcification 
occur m the cei ebellar astrocytomas, unless the early proc i 
hjdroce^dialus brings about the patient’s death befoie the procc 
place j 

Dr Ra\ A Carter, head of the Department of rep-’O' 

permitted us to use the roentgenograms shown, as well as his la 



THE CLOSED INTESTINAL LOOP 
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This wolk was undertaken m an attempt to throw further light on 
the lelation of hydiaulic piessuie within intected hollow Msceia to the 
clinical couise piesented It was pointed out by V'an Zwalenhurg' 
that as the distention of hollow' viscera takes place by inci eased pressure 
fiom w'lthin, the ciieulation is gradually blocked and effusion into the 
lumen tends to inciease the fluid and pressure theie Necrosis and 
ruptuie aie the natural sequelae In most instances the mscus con- 
tains man) oiganisms and toxic pioducts which w'hen fieed b\ rupture 
spread infection and permit of wide sui faces foi absoiption resulting 
in death 

It seemed to us that the closed intestinal loop in the dog as introduced 
h) Whipple - and his associates, if placed where it was accessible for 
measunng the intialoop piessure without adding complications to the 
situation, should lend itself admiiahh to this ini estigation Xccordingh 
the following piocedure was used in pieparing the animals foi this 
stiuh 

r\PERI'UEXT\E PROCEOLRE 

Eiittnii!; tin. ])cntoiK il tlirou"h a nulit icctus inci‘;ioii wc ch( ‘-c a 

'•(.ament of jejunum witii a stood nic'-cntcnc blofKl supiih winch would not he 
(.mhtrra'^‘'ed when <(unicitiit tension was placed on it to brinit the scsiincnt to the 
interior ahdonnnal will The dist nice of such i strrnicnt iroin the ligament (ji 
1 reitr \aried in diftereiit dops hut aeeraecd about 25 cm In the earh e\jKrinitnts 
We ittemjited to in ike the loop appro's.nnatcE 2(1 cm iroin the lisrameiit ot Treit? 

'^nbnntted lor jniblication March 17 1950 

1 roni the Department ot Ph\sK>loa^ Lnuersite oi Orea< n Medicil ‘'cIkk)] 
\ided b\ (jrant 140 (\'au ZwaUnbural ot the Committee on 'scientific 
Re SI irch OI the \merie in Medic il \sv,.ciitioi 

1 \ in Zwalenburcr C \ btranaul itio i Re'ultm^ irorn Distent oi 
Hollow \ise(.ri \nn ''iir^ 46 7.s0 ]e)n7 

2 'sjnH H r BernlKim P M >inl \\ b jij'k (, H li’e'tii-d Ob tri l- 
tu n \ S'uuh ot the lo'ie E et< '■s Pnl' 1< ’n.s Hoj'’ ’’ Ho'p 23 150 j<)12 
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In some dogs this resulted in a strangulated loop so that such a criterion lor its 
location was abandoned The length of the segment, too, ranee! with its 
mesenteric supply but averaged about 15 cm After the ends were turned m and 
the loop had contracted from trauma, it was considerably shorter A \tr\ fun. 
cun ed intestinal needle and 00 plain catgut were used m closing the ends Viiiple 
inversion ( 1 cm ) was made m order to prevent the end from opening on earh 
postoperatne rise of intraloop pressure The loop was then dropped back mlo 
the peritoneal cavity and the continuity of the gastro-intestinal tract reestablblied 
by an aseptic, end-to-end anastomosis This accomplished, the midline latti 



Fig 1 — The sutures placed for attaching the loop to the anterior 


alxioninnl i'? 


appendage was dissected back oier the midhne betw^cen the m it 

the umbilicus, giving a traumatized area to w'hich the loop 
midthird portion Suturing here was done with 0 silk ^ (jir.. -1 

intestinal needle Interrupted sutures w'ere used w’hich w ere pass^ jnte'tnn' ' 

the peritoneum and then through the antimesentenc portion o a 

In placing this intestinal stitch, we made no attempt to pic np ^ ^ r 

the submucosa was engaged, it w^as onh m its outermost zone tint r ' 

contrarj to good intestinal surgical technic in that it is t ic^- ^ 

withstand the pressure of suture tension Howeier, m tie r, a i 

part of the experiment we found that loop pertoration from pre , » 

at the site of one of these sutures This ina% well haie ce 


I 
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sutures too deeply, even into the mucosa Since we have been making a studied 
attempt to pick up no more than the outermost hjer of the submucosa, we have 
had no perforations at the point of suture The sutures were all placed before 
they were tied as shown m figure 1 When the operation w'as complete, the 
jejunal loop w'as held against the anterior abdominal w'all as showm m figure 2, 
and tw'O linen sutures were placed in the skin of the anterior abdominal wall to 
show' the midpoint of the loop attachment Closure of the right rectus wound 
W'as done by the usual three-layer suture method These loops almost uniformly 
adhered to the abdominal w'all, so that the loop could be punctured at will for 
the study of loop contents 

After operation, the dogs w'ere kept m separate cages m a warm room Water 
was given after fortj -eight hours, and milk or hamburger after ninety-six hours 
Approximately tw'entj'-four hours follow'ing the operation the dog was placed on 
the operating table and the skin over the area of attachment of the loop cleaned 
w'lth alcohol A hypodermic needle (no 19) w'as then inseited through this area 
into the loop Attaching a sterile syringe, the operator first made sure that 



Fig 2 — Loop attached to the anterior abdominal wall 


the needle was in the loop and the fluid free to flow out The syringe was then 
removed and a sterile apparatus attached for measuring the pressure in the loop 
This consisted of a straight piece of glass tubing of 3 mm bore and 35 cm long, 
to W'hich a rubber tube 24 cm long was attached The quantity of fluid removed 
from the loop m measuring the pressure was thus at no time sufficient to aftect 
the pressure materially After the pressure was determined, the fluid was with- 
drawn with the syringe This procedure w'as usually repeated each day for the 
first three or four days Evidence thus gamed as to the rate at which the fluid 
formed was used in deciding w'hether or not “tapping” should be continued at 
regular intervals 

Fifty-one dogs weie used in this study of the jejunal loop Twenty- 
thiee of these died within ninety-six houis At autops}, the causes of 
death weie divided as follows Thiee had peiitonitis fiom an imperfect 
end-to-end anastomosis, fotii had luptuie of the loop at one of the 
stitches used to hold it to the abdominal wall one died as a lesult of 
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anesthesia and thiee from respiratory infection, thiee had no fluid 
remo\ed fiom the loop, with consequent luptuie and peiitonitis. nine 
died in spite of the lemoval of fluid, owinq to the fact that the mesenteric 
^essels weie compiessed at the root (sti angulation) This, iie 
discovered, after seveial animals had been lost, could be avoided b\ 
choosing a loop lower down in the jejunum Because of diffeiences 
m the mesenteric root in different dogs, it became necessary to stiuh 
the mesentery of a segment to make sure that tension on it (as when 
bi ought to the antenoi abdominal wall), did not embariass the ciicula- 
tion at the loot 

Sixteen animals weie lost in less than thiity dajs following the 
operation Some of these weie not tapped for seveial days befoie death 
The loop had become distended and luptuied befoie any objectne 
sjmptoms were noticed In a tew animals gangrenous loops developed 
in spite of tapping, piobably due to embaiiassment of the circulation 
at the loot of the mesentery Thiee were lost because of infection 
in the incision, two showed peiitomtis due to iinpeifect end-to end 
anastomosis, and one died on the fifth day fiom ruptiued loop, no fluid 
having been lemoved at any time 

Of the remaining twelve dogs, thiee weie killed foi histologic 
examination of the loops, three aie alive and six died from ruptured 
loops The aveiage length of life of this gioup was mote than lour 
months 


COil MENT 


As IS seen fiom the foiegoing description, theie are several possi- 
bilities for complications To those enumerated should be added the 
expel imental hazard of tapping the loop One can miss the loop tnsii 
if It IS contracted, or the needle, if too long, may go through the loop 
and cany organisms into the peiitoneal cavity If theie has been oin 
a narrow adhesion of the serosa of the loop to the anterior abdoiiun* 
wall, the needle may miss this area and enter the loop on its free 
This again furnishes a possible souice of contamination of the peritoi 


cavity 


We feel, theiefoie, that, bailing the experimental j],c 


wepmg 


vaiious types mentioned, the simple expedient ot 
mtialoop pressure is the outstanding factoi m the recoieri 
animals At this level in the intestinal tiact pressure deieops^^ 
closed loop on the first or second day after opeiation This 
t.nue foi seveial days even with withdraiia! of fluid t ))i,rin" A" 
necessary m most dogs to withdiaw fluid evei) fe" dais 


life of the animal ircnifl*'’ 

The amount of pressure found in the closed loops 
56 cm of water The highest pressures recorded the o' 
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following the opeiation aie taken as indicative of the intialoop piessuie 
that might be eflective m blocking the cii dilation As a lesiilt of 
opeiative tiauma, the tone of the musciilaiis is gieatly deci eased and a 
piessuie that would cause little distention noimally is now capable of 
causing maiked distention This combines two factois m producing 
circulatoiy stasis, namely, intialoop piessuie and stretching of the 
capillaiies A loop maikecUy distended by a piessuie of 25 or 30 mm 
of mercuiy has its cii dilation pailially blocked This is evidenced hv 
neciosis on the antimesenteiic hordei of the loop In the accompany- 
ing table aie lecoided the highest pressuies found in fifteen dogs the 
fiist few days following opeiation The aveiage high piessure is 39 5 
cm of watei oi 304 mm of meicuiy One would expect this to be 


The Ilighc^l lutialoop Pic^<!uic^^ Rccoided I ogcthci ivith the Amount of 
Fluid Removed fiom the Loop 


Dog 

Presume, 
Cm ot Water 

Quantity o£ 
riuld IVItlidraun, 
Cc 

Days 

Poliowing 

Operation 

T ength of Life 
Pollowlng Oper i 
tlon, Davs 

1 

15 

50 

3 

24 

0 

32 

00 

2 

8 

n 

30 

45 

0 

90 

10 

38 

51 

3 

9 

11 

2C 

20 

2 

4 

12 

!0 

45 

0 

171 

2^* 

45 

55 

4 

50 

31 

45 

00 

2 

2 

!0 

12 

rO 

1 

4 

37 

42 

75 

> 

4 

3S 

,0 

50 

2 

5 

10 

40 

105 


4 

4 

52 

”5 

a 

11 

44 

50 

05 

3 

4 

15 

28 

50 

4 

4 


’’ The n\ernKe loop prts'.iire \mis 39 5 cm of -niiter 


below the pressuie lequned to block completely the cii dilation to the 
loop In most instances the piessuie piobably was taken before it had 
leached a maximum, and in others a small lupture had probably taken 
place and pait of the fluid escaped into the peiitoneal cavity, thus 
loweimg the piessure 

In this connection Dragstedt •* and his co-workeis lecently studied 
the amount of pressuie necessary to block the circulation in a loop of 
intestine with the clog under anesthesia They found this to vary with 
the level of the loop In the duodenum fiom 35 to 40 mm of mercury 
was sufficient, m the jejunum and ileum from 55 to 65 mm, and in 
the colon, 95 mm These weie acute experiments, and under such 
ciicumstances the actual distention of the loop is not great, owing to 
the effective lesistance of active muscularis In other words, the 

3 Dragstedt, C A , Lang, V G , and Millet, R F The Relative Effect of 
Distention on Different Portions of the Intestine, Arch Siirg 18 2257 (June) 1929 
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stretching of the capillary haidly enteis into the pioblem This, we 
teel, IS a factor in explaining the wide difference between our obsena- 
tions and those of Dragstedt 

Onings, IMcIntosh, Stone and Weinbeig,'^ by using a tube in one end 
ot an isolated loop and allowing the other end of the tube to protrude 
thioiigh the abdominal wall to which it was clamped, investigated the 
deielopment of piessuie in the loop They obtained a piessure m 
duodenojejunal loops of 50 cm of watei at the end of twenti-tour 
houis Only four dogs weie used, and these survived from twenti- 
inne to lift} -four houis 


The clinical symptoms m our dogs in which a closed loop had been 
made were not marked when the pressuie was kept down and the loop did 
not luptuie Wheie there were no complications the symptoms were 
little if any different from those seen m our control animals following 
intestinal resection and an end-to-end anastomosis of the jejunum Tlie 
temperature ranged between 101 and 103 F There was usually no 
\omiting and no marked changes in the blood chemistry 

Toxic mateiial fiom bacterial action is present nr the loop m ratl- 
ing amounts at all times When the loop is not distended and tlie 
cnculation to it is good theie can be very little absoiption of thi' 
mateiial, or the amount absorbed is detoxified by the liver Such 


animals do not differ from normal animals in any demonstrable wai, 
in actions, appetite, temper atuie or blood chennstiy On the other 
hand, when the loop becomes distended, objective symptoms are usuallr 
present The dog may have eaten heaitily nr the evening and tvehc 
hours latei may refuse food The temperature may or may not show 
a slight rise The animal is not quite so lively Of these symptoms the 
only reliable one is refusal of food If the animal is tapped, so tliat 
piessuie IS relieved, he may eat at once, if not at once, always within 
the next horn A more severe or longer continued distention produce, 
more marked symptoms such as vomiting and depression On fapp'”-’ 
such dogs a large quantity of fluid is found They are somewhat s over 
to take food but do so nr the couise of two or thiee hours 
this time there are usually no significant changes in the blood 
loop IS perforated under this tension, depending on the 
escaping and its toxicity, the synrptoms are slight or the aniina 
becomes moribund This tendency for a loop to fill 
11 regular intervals is seen nr most dogs Tapping may not la'^ 
done for several days or weeks, when suddenly the animal re n c- 
indicating a distended loop This may occur erery day or e\e^^ 
day^ for a week oi ten day'-s, when the fluid gradually ceases 


_ Tjr T? nnfl W Cinbcrp’t 1 

4 Owmgs, J C , McIntosh, C A , Stone, H " ’ /Cgpt) 1923 
Intra-Intestinal Pressure in Obstruction, Arch Surg 17 a / 
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tastei than absorption takes place The cause of these pei iodic dis- 
tui bailees in the secietion absoiption balance in the loop is not clear 
Although it IS possible that the distuibance is brought about by nutation 
fiom within, it seems moie piobable that it is due to piessuie on the 
mesenteiic vessels by an ovei distended colon, and that the fluid lesults 
fiom filtiation rathei than fiom secretion 

These attacks, even though the animal may have vomited seveial 
+imes, aie probably due moie to leflex nausea and pain from the dis- 
tended loop than to absoiption of toxic pioducts This theory is 
home out by the facts that ( 1 ) at this time the blood chemistiy shows 
little 01 no change and ( 2 ) the animal eats eithei at once oi within 
two or three houis, all objective S5nnptoms having disappeared 

The flora moie oi less legulaily found in these loops include Bacillus 
toll, Bacillus zuelchn (oiganisms and spores), enterococci and strepto- 
cocci Othei organisms have been found but less legulaily and in 
smaller numbeis As the loop becomes older, B zvelclm disappeais 
and one of the other three types tends to piedominate It seems clear 
that only a slight inhibitory influence is exeited by the secretion of the 
loop on its bacterial content Those oiganisms that can thiive on the 
mucus and debris m a slightly alkaline medium battle for predominance 
There is some evidence that great numbeis of organisms, when piesent 
may directly or indiiectly cause excess foimation of fluid The idle 
of oiganisms is being carefully studied 

Different investigators have been led to believe that the hydiostatic 
pressure in closed loops of intestine is an important factoi in determining 
the clinical course of the animals Sweet, Peet and Hendrix ° stated 
the opinion, “that it is only because of such distention and consequent 
1 upture that our animals with closed loops die " Dragstedt ® and his 
associates showed that dogs with closed loops washed with astimgents 
would live indefinitely They made the following statement “The 
factor of distention in short closed intestinal loops is of paramount 
impoitance in the production of the toxemia, since if the distention is 
pievented in the majoiity of cases toxemia does not occur” Moie 
lecently Dragstedt" stated “The toxemia and decrease in blood 
chlorides is in turn dependent upon distention of the closed intestinal 
segment If this distention is leheved by aspiration of the fluid within 

5 Sweet, I E , Peet, M M , and Hendrix, B Jil High Intestinal Stasis, 
Ann Surg 63 720, 1916 

6 Dragstedt, L R , Dragstedt, C A , McClintock, J T , and Chase, C S 
Intestinal Obstruction II A Study of the Factors Involved m the Production 
and Absorption of Toxic Materials from the Intestine, J Exper Med 15 109 
1919 

7 Dragstedt, L R Blood Chemistry in Intestinal Obstruction, Proc Soc 
Exper Biol Jc Aled 25 239, 1928 
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the segment, b} a needle thrust thiough the abdominal wall, the toxemia 
IS leheved and there occuis a pioportionate return ot blood chloride 
concentration towaid the noimal level” Stone and Firor'’ tested the 
absoiption of india ink by the intestine below and abo\e a point ol 
obstiuction In the latter instance only were they able to lecoier it 
tiom the mesentenc glands and lymphatics They also placed a loop 
of intestine containing toxic material and distended -ftith an, in Ringers 
solution This solution soon showed toxic propeities Raine and 
Peiiy^ concluded that, “diminishing mtra-intestinal piessiiie in an 
obstructed bowel piolongs the life of rabbits, because it diminishes 
seci etion and pi omotes reabsoi ption ” When the closed loop is made 
available, as desciibed b} us, it is possible to get moie diiect eiidence 
as to this relationship In our expeiience, h 3 '^drostatic piessure deieiopi 
m practically all closed jejunal loops The lelief of this pressure 
permits a normal recovery, provided the cnculation is good There n 
little or no vomiting unless the loop is distended Decrease in blood 
chlorides, typical of clinical obstruction, was not seen in oiii animal" 


Dogs 15, 20 and 31 were killed aftei 178, 160 and 126 daw 
respectively, all were in excellent condition at this time Dogs 15 and 
20 had been tapped at inegular intervals since the loop vas made, 
neithei had been tapped for two weeks preceding then death Dog 31 
had not shown signs of piessure, and no fluid had been removed trom 
the loop since the fifth day following operation Giossl}, these loop" 
appeal ed normal A gi ay pasty-like material was present in the loop" 
when this was washed away, the mucosa appeared normal Except tor 
occasional areas which showed absence of the epithelial coierm^ 
microscopically, the mucosa appeared essentially normal Some short 
and broad villi were present that showed an increased cellulat infiltration 
over that seen m control sections from normal jejunum The muscu an 
was uniformly moderately hypertrophied It is possible 
pathologic changes noted can be accounted for, in part at least, n ^ 
accumulated pasty-hke material The needle punctures, also, mm 
brought about some damage to the mucosa that had not been 
repaired Histologically the amount of normal mucosa seen so^ 
exceeded the areas of slight pathologic change that one vas e^ 
behcAe that normal functions of secretion and absorption 
cained on It would seem, therefore, that such loops might en 
selves to xaiious phjsiologic or pharmacologic mi estigations 


8 Stone, H B , and Firor, W M Absorption in Intestiral 

Intraintestinal Pressure as a Factor, Tr South Surg & Gmicc Str! ' 

9 Rame F and Perry M C Intestinal Obstruction 19 

on Toxicitv, Intra-Intestinal Pressure and Chloride Tlierap', 
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The specimens obtained from the loops weie tested legulaily foi 
siiciase and eiepsin These ohseivations will be lepoited latei with 
results in loops at dififeient levels of the small intestine It should be 
stated heie that the concentiations of these enzymes vaiy only slightly 
m a given animal while in good condition However, if the loop 
becomes distended with a laige amount of fluid, the concentration of 
enzymes is usually low This would seem to indicate that in such 
instances the accumulated fluid may be the result of filtiation rathei 
than of secietion 

SUMMARY AND CONCLUSIONS 

1 A method of attaching a closed intestinal loop to the anteiioi 
body wall wheie it can be leadily reached with a hypodermic needle 
IS desciibed 

2 Dogs with closed jejunal loops, with the continuity of the 
intestinal tiact reestablished, can be kept alive indefinitely, piovided 
the piessure m the loop is kept down by aspiiation of the fluid 

3 Such animals with closed jejunal loops, ban mg complication, do 
not show the clinical symptoms of obstruction Vomiting is seldom 
seen, and the blood chlorides do not undeigo significant change 

4 By peimitting distention and piessuie to take place m the closed 
loop, vomiting is piecipitated , lefusal of food is an invariable symptom 
The animal is immediately lelieved and will eat almost at once follow- 
ing aspiration of the fluid This would seem to piove that the symptoms 
are due to reflex nausea and pain fiom distention of the loop Although 
there is probably some absoiption of toxins at this time, it is not the 
important factoi in producing the symptoms observed 

5 The floia found in the jejunal loops consists predominately of 
B coll, B loelclm, enterococci and stieptococci 

6 The loops in full)'’ recovered animals appear to be essentially 
normal and should in some ways be stipeiior to the Thiry fistula foi 
the investigation of problems of secretion and absorption 
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Until the suigeon began to think of bone as a Ining fabiic with 
qualities other than its baldness and potentialities beyond its mechanits, 
piogiess in the lational tieatment foi diseases and injunes of the 
skeleton could not pioceed A corresponding total ph)fsiologic concep- 
tion of the peripheial vascular tree has been slow in developing The 
peripheial vessels have too long been thought of as inoie oi less elastic 
tubes of differing calibeis, lesponding onl} to the mechanical foices 
developed fiom the pulse waA^e and the succeeding elastic lecoil They 
aie not thought of under all ciicumstances as living stiuctures responding 
in then own right to neive impulse as well 

In the light of the lapidly inci easing knowledge of the vegetative 
nervous system, ceitain aspects of A'^asculai disease aie now looked at 
with a more seeing eye In Raynaud’s disease, the vasospastic elements 
of thrombo-angiitis obhteians, the a asoconsti ictoi and Aasodilator 
effects of A^anous physical agents, such as cold and heat, etc, the 
sympathetic impulse is recognized and made use of in eveiyda) thought 
and action The purpose of this papei is to call attention to a factor 
m A^asculai disease in which the SAinpathetic impulse ina) Avell pla\ an 
important part, but in which neive influence has been somewhat ignored, 
namely, in the development of a collateial ciiculation following the 
obstruction of majoi A'^essels 

It IS inteiestmg that slight attention has been paid in this coiinto 
to the possibility of increasing by means of an attack on the s\mpatlictic 
neivous system the amount of blood j^assing thiough collateial chaiinc^ 
aftei aiteiial ligations Discussions in the liteiature of piobleni 
collateial circulation contain no lefeience to the svmpnthetjc inner' a 
The Hodgen Lecture^ of 1929 is an example In this 
closeU leasoned discussion of the effect of ligation of the 'cn 
the collateial circulation folloAving aiteiial occlusion. Brooks no' 
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makes mention of possible SMupathetic influence Halsted, in 1920- 
thiee }eais after Leiiches fiist publications^ on the peiivasculai 
sympathectom}^ ot Jaboulaj, was the fiist obseivei m this countr)'- to 
note possible effects on the collateial cii dilation of a pioceduie involving 
ablation of the peiivasculai S 3 mpathetic He obseived a maiked 
h 3 ^peiemia of the aim following excision oi a laige subclaAuan aneunsm 
and definiteh asciibed this lesult to the lemoA’^al of S3unpathetic fibeis 
with the sac 

Befoie discussing clinical phases of this pioblem, it would be well 
to leview hiiefl3" piesent knowledge on the motoi inneivation of the 
aiteiies Details of sensoi3' mnenation of cential connections and ot 
the question of antidiomic conduction need not he allowed to cause con- 



Fig 1 — Dissection of the louer e-s-tremitj, showing distribution of ner\es to 
the large arteries Note that S3mpathetic branches to the vessel pass from the 
peripheral nerve to the arterj wall at intervals (Reproduced from Kuntz The 
Autonomic Nervous Sjstem, p 138) 


fusion in the piesent discussion All blood v^essels, including aiteiies, 
veins and capillaiies, leceive S3mpathetic neive fibers These fibers 
aie earned to the v^essels in the peiipheial neiv^es and distiibuted to 
then walls at mteiv’^als along then courses It has been fairl3' well 
shown that tew, if an3, fibeis pass distalh fiom the tiunk in the coats 
of the v^essels (fig 1 ) The neives leaching an arteiv'’ are distiibuted 

2 Halsted Elevation of Temperature ot Ha id Eollowing Excision of Sub- 
clavian Aneurism, Bull Tohns Hopkins Hosp 31 219, 1920 

3 Leriche, R De la sv mpathectoinie periarterielle, Presse med 25 513 
1917 Leriche, R and Heitz, T Des eftets phv siologiques de la sv mpathcctomie 
penphenque Compt rend Soc de biol 80 66 1917 ibid p 160 
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to all coats, the gieatest numbei he in the adventitia These, tacts in 
outline, make up the anatomic background foi this discussion Kimt? 
in his recent book on the autonomic srstem,'* summaiizes present 
knowledge in gieatei detail 

Oiei these nerves come impulses fiom the cential neivous si stem 
lepicsenting the penultimate stage of reflexes and lesulting m laso 
constiiction oi vasodilation The constiictoi influences piedommate 
so that diMMon of the sympathetic nerve to a part results in raso 
dilation Cuiiously enough, the lemoval of the adventitial fibers liom 
an alter y also results m vasodilation of the entire extremit) below the 
point of attack This result contradicts the oi dinar y conception of iiene 
influence As I have already remarked, no through fibers are destroied 
by this pi ocedui e Thei e is no anatomic basis f oi predicting am cftcct 
wdratevei, except on the segment of artery from which the plexus is 
lemoved This clearcut paradox, taken wnth the tuithei tact that 
experimental reproduction of the phenomenon m laboratory animals has 
not been accomplished, has done much to letaid the general acceptance 
of Lenche’s procedure The bizarre qualit}' of the reaction is further 
emphasized by the fact that m isolated instances Lenche has leportcd 
vasodilation in the opposite extiemit} alone in both the operated 
exti entity and its mate, and indeed, in all forii extiemities following 
pel lartei lal s} mpathectomy of a single vessel Again, at times no reac- 
tion may occui 

Much theoiiznig has been done on this subject but no satisfacton 
explanation has been pioposed The clinical fact exists, nevertheless 
that the stiipping of the adventitia from a majoi aiteiy results in most 
instances m a striking physiologic secpience fii st, the primary effect of 
d few' hours’ diuation, consisting in intense vasoconstnctioii to the 
degiee of obliteiation of the peiipheial pulse, and second the second.in 
phase, immediately succeeding, of vasodilation, inci eased surtacc 
temperatuie and mci eased volume flow' of blood lasting over a perioi 
of weeks This phenomenon has been evoked in a sufficient number o^ 
clinical cases to make its recognition sound No anatomic contiaticti 
can invalidate it It does not need the support of comp<V‘'‘^‘^^^ 
physiolog}' The theiapentic effects of the piocedure are 
certain selected groups of cases, hut these aie not germane to 
jiiesent discussion .^^,1 

Much time has been spent m the laboratoiy^' 
attempts to reproduce the phenomenon Lenche ® proposer a po 

4 Kuntz, \ The Autonomic Ner\ous Si stem, Philadelphia, 

ita! 

5 Lehman Edwin P Periarterial Si mpathectonn ENpen 

Ann Surgr 77 30 (Jan) 1923 , n 

6 Lenche, R Sur 1 etude experimentelle, etc de a . 
arterilie Presse med 30 1105 (Dec 23) 1923 
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explanation Man, in the couise of his development, has needed to 
compensate foi his haiilessness by an increased sensitiveness of his 
vasomotoi mechanism External changes m tempeiature do not stiike 
the sensoiy endings m the skin beneath the thick growth of hair of 
animals as they do those in the nude skin of man Man, theiefore, 
has developed a contiol of his blood vessels moie highly specialized 
and consequently with somewhat diffeient leactions The discrepancy 
IS explained on phylogenetic giounds It is an ingenious idea on which 
It IS not necessaiy, perhaps, to pass ciitical judgment 

The usual method of removal of the penvasculai sympathetics is, of 
course, the stiipping operation on the otheiwise intact artery In 
selected cases there is an alternative method, namely, the excision of 
a segment of the whole vessel, the opeiation of aiteiiectomy It is 
my puipose to present clinical evidence suggesting that arteriectomy in 
the piesence of aiteiial occlusion has a favoiable influence on the distal 
circulation If such favorable influence can be shown, the cause of it 
need not be sought further than in the fact just mentioned Arteriectomy 
includes, of necessity, sympathectomy The i eactions shown by the two 
opeiations aie comparable, differing only m that in the former less 
blood IS available foi the dilated vasculai tree tlian m the latter I 
piopose, more or less tentatively, the excision of a segment of arteiy 
m any case of complete arterial occlusion of a major vessel with a view 
to obtaining a vasodilator effect on the collateral channels This 
proposition has been made by Leiiche on the basis of early experience 
in cases of causalgia, trophic change and edema, associated with an 
obliterated artery In his later publications,’ Leriche has carried the 
proposition still further, including types of disease that I shall suli- 
sequently discuss Howevei, his approach to the problem is some- 
what different from that in the present paper He does not proj^osc 
to influence the collateral circulation by arterial excision, but rather 
to excise iintated sympathetic fibers which he believes are creating 
Aasospastic conditions He therefore takes the position that he is 
attacking sympathetic disease directly A sentence from one of his 
recent discussions of the problem is illuminating “An occluded arterj 
is no more an artery, but a plexus of sympathetic nerves in an abnormal 
condition Although this point of view bears an intimate relation- 
ship to the point of view now being considered, it cannot well be 
included in this thesis without undue confusion 

The question arises as to the difference between excision and ligation 
wnth division of the artery as ordinarily practiced It might be thought 
that ligation -with division would satisfactorilj^ block vasomotor 

7 Lenche, R, and Strieker, P Obser\ations on Jmeniie Obliterating 
krteritis, Bnt J Surg 16 496 (Jan ) 1929 
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impulses in the adventitia Howevei, as has already been noted, the 
efifect of perivasculai s} mpathectomy cannot be explained on the basis 
of neive block Apparently, whatevei the explanation may be, there 
must be removal of a consideiable numbei ot fibers, some break, perhap'; 
in a complicated senes of leflex arcs Fuitheimore, the effects I am 
about to illustrate, so fai as I am aware, have not been observed with 
out excision as well as division 

The opeiation of arteiiectomy should be considered on the afore- 
mentioned giounds in any case of complete aitenal occlusion in an 
extiemity, whether from disease, from trauma or from surgical ligation 
in the tieatment foi disease oi trauma One must except those cases 
of embolism in which embolectomy can be piacticed within twenty-four 
horns In my own experience, it has been employed associated with 
ligation for accidental trauma, in the tieatment for aitenal thrombosis 
thiombo-angiitis obliteians and for false aneuiysm It has not been 
completely successful m aveitmg gangiene, nor has the physiologic 
leaction of distal hypeiemia been unifoimly obseived In enough 
instances, how^ever, definite hyperemia has lesulted, even though there 
has been a pieviotis ischemia, to suggest a sound theoretical basis for 
the operation It is to be lemembeied, as will be emphasized latei, that 
in most instances it is harmless 

REPORT or CASES 

In considering my^ cases, I shall group them into the foin divisions 
alieady'^ named, with discussion of each group as a separate problem 

Gioup I — Ligation foi Tiauma — Case 1 — The record of this case, unfortu^ 
natelv, is not available In 1923, Bardon and Mathey-Cornat ® reported strikm^^ 
results m the rapid healing of chronic ulcers of the leg following penartcria 
sympathectomj I had at that time an aged patient in the ward of the St 
City Hospital suffering from enormous dirty sluggish ulcers on the lower par o 
both legs, for which double amputation had been suggested I attemptei ^ 
arterial sympathectomy on the femoral artery of the side presenting t ic < ^ 
ulcer The arterj was almost completely calcified, and during the 
ruptured Ligation was necessitated In the course of this procedure the ig^ 
cut through several times, so that finally a considerable segment of the 
destroj'-ed and excised This was, of course, a proceeding forced bv jj, 

out purpose at the time Striking improvement in the ulcer on t le 
operation with the establishment of active granulation tissue and t le 
advance of epithelium was observed before the patient left the hospi 
davs later, against advice There was never any disturbing ° jg^clero ' 

That this result should hav'^e occurred in an}’' patient with advancer ar^ 
alter destruction of the main blood supply to the leg, was interestnu 
probable explanation is the performance of sj mpathectom} m 
excision of the damaged arterial segment 

8 Bardon and Mathe}'-Cornat Periarterial Sv mpathectomv m 
of the Leg, Ljons chir 20 694, 1923 
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This case is not presented as suggesting arterial excision foi chionic 
ulcei or foi ai teriosclei otic ischemia It is presented as an example of 
a traumatic division of a major -vessel in which arterial excision was 
perfoimed, albeit without purpose, and in which there was clinical 
evidence of impioved circulation below the level of occlusion 

Case 2 — A white man, aged 26, was shot through the upper part of the left 
thigh The bullet injured the femoral artery and the vein just below Scarpa’s 
triangle There were coolness of the left foot and absence of palpable pulsations 
m the vessels At a first operation by another surgeon shortly after the shooting, 
the exposure of the actual injury was frustrated by extremely active bleeding and 
a marked state of shock The patient had lost considerable blood before admission 
It was necessary to control the bleeding bj' packing the wound tightly 

During the course of the next twenty-four hours, his thigh became enormously 
swollen, and marked cyanosis developed in the lower part of the leg, which remained 
warm The foot was pale and cool The cyanosis was of an intense purple tinge, 
resembling that seen in traumatic cvanosis of the head and neck following 
crushing of the chest The superficial \eins were filled with blood It was felt 
that perhaps the tight packing by pressure on the veins might account for a part of 
these phenomena Apparently, at least, some blood was reaching the lower third 
of the lower part of the leg 

Following transfusion, twenty hours after injury, I reopened the wound and 
found the femoral artery and vein torn Thrombosis had occurred, and the artery 
was not pulsating below the point of injury Over an inch of the femoral artery 
and a corresponding amount of the damaged vein were excised Large incisions 
in the fascia lata were made to relieve tension 

Following the operation there was no improvement in the patient’s general 
condition, and he died five days later in uremic coma There was no infection of 
the wound Postmortem examination was not permitted 

There were changes m the local condition that may or may not have had 
significance The da> after the excision of the artery, there was a definite improve- 
ment in the area and degree of cyanosis of the lower part of the leg The area 
was decreased m size b> at least one-third, but the decrease was at the low'er 
margin The cyanosis w^as somewhat lighter in color Warmth continued The 
foot remained ischemic and before death earlj gangrene was established there 

It IS impossible to asciibe these lesults to the artenal excision 
Indeed, it is impossible to mteipret the appearances with any clarity 
The effect of the tiemeiidous tension in the thigh fiom hemoiihage and 
packing cannot be ovei looked The case is piesented as an example of 
a type of mjuiy m tvhich ligation is obligator)'-, in -which excision is 
haimless, and m which this procedure ma) be done onh with the hope 
that favoiable results may be obtained 

Gioiif’ II — 4itcim] Till oiiibosts — Case 3 — A. white, married woman, aged 38, 
witli rheumatic heart disease accompanied bv mitral stenosis and auricular fibrilla- 
tion, had had an embolism of the right jiopliteal artera about five davs before 
entrance The embolus had supposedb' originated in an auricular thrombus The 
historv suggested a rider embolus at the aortic bifurcation slipping later into the 
right vessel She had had a possible cerebral embolism five months previouslv 
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On admission, there was found coolness of the right leg from the knee do«n 
^\lthout palpable pulsation in dorsalis pedis or posterior tibial arteries There na? 
a bluish, mottled discoloration of the right heel and of the plantar surface ot the 
right metatarsal region 

For two dajs there was little change m the local condition During the third 
da\ there was rapid advance in the signs of ischemia Change of color was eiideiit 
over the lower part of the leg, and the calf w^as indurated and swollen Pam wav 
excessive The common femoral artery, previously palpable in the groin, could 
not be felt The external iliac was palpable 

It was felt that thrombosis was extending rapidly up the vessel With tiic 
patient under scopolamme-morphme supplemented by infiltration anesthesia, 
the common femoral was exposed at Poupart’s ligament The pulsation of the 
external ihac was traced down to this point Here the vessel was ligated, and the 
entire common femoral artery, which was completely thrombosed, w'as excised 
(figs 2 and 3) The excision included the first 5 mm of both the femoral arten 
and the deep femoral artery The latter bled, demonstrating some collateral circu 
lation This excision was done as a del berate attempt to influence the collateral 
flow' bv sjmpathectomy 



Fig 2 — Gross specimen of common femoral arterj removed in cast ^ 
oblique view of the cross-section is shown m figure 3 The arterial wall 
tracted to little more than one-half its original length, baring a large part o 
thrombus The arrow points to the stump of the deep femoral arten 
obliteration of the vessel by thrombus is complete 


There was undoubted improvement of the circulation of the lower 
leg following this operation The discoloration m the upper portion o ^ 
colored zone m the lower part of the leg disappeared and was rep a« ^ 
normal color This area also showed recovery of warmth for the rs 
admission to the hospital five daj s before ^ 

The distal half of the lower part of the leg did not show ]j,g^ vtH 

of demarcation developed at about the middle of the lower part o ^jdioticli 
below the upper limit of the area where gangrene had earlier impen c 
it would have been interesting to have observed further changes, ^uccvcd''’- 

became so extreme that supracondylar amputation was obligatory 
dav This was accomplished without incident under spinal jitcm 

Convalescence proceeded uneventfully' for a week, Qt a ctri.lu"’^ 

of the stump On the seventh dav the patient suffered from cm o r * 

vessel and of the left popliteal artery and promptlv succum e 
obtained 
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Although gang! ene was not averted and the outcome was amputation, 
the immediate improvement follo-fting arteriectomy was striking The 
operation made no change m the mechanical conditions of the cir- 
culation, the artery was completely blocked betore opeiation, and the 
vein was not disturbed The probable explanation for the definite 
inciease in ^^almth and impiovement m color of a pait of the extremity 
must be sought in the effect on the circulation of the incidental 
S3unpathectom)'’ 



Tig 3 — Cross-section of vessel shown in figure 2 Differential shrinkage has 
occurred so that the thrombus does not appear to block the lumen completeU 
Evamination of the gross specimen rereals this as an artefact 

Coup HI — Till ombo-Anguti^ Oblitcian<: — Case 4 — A. white man, aged 54 
came to the hospital in October, 1927, suffering from tipical thrombo-angiitis 
obliterans of four i ears’ duration, worse in the right leg Although claudication 
had been present, rest pain of an excruciating degree was the predominant sjmptom 
During the first da^s of obseriation, a mlgrato^^ phlebitis was present Xo 
\essels were felt in either foot The patient was treated b\ the internists with 
irradiation of the lumbosacral area Two months later he returned with practicalh 
no change in SMnptoms but presenting a superficial ulcer oi the right heel In 
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addition, he suftered from chronic mjocarditis with auricular fibnllatioii and 
impending decompensation 

It was decided to try the procedure described by Lewis and Reichert,'' iiameh 
the Imation ol the femoral artery in Hunter’s canal for the purpose of eiicoiiragmc 
trilateral circulation through the deep femoral The improvement which Lewn 
has described in several cases he attributes to the mechanical effect of shuntine 
the lore, ol ( ach pulse wave into the alternative channel In his descriptions ot 
the operation Lew is mentioned excision of a portion of the vessel as a part of the 
procedure, but did not emphasize this element It is done to obtain material for 
microscopic stud\ 



Fig 4 — Cross-section of femoral artery 
changes of thrombo-angntis obliterans are seen 
open channel shown evas considerablj smaller, being obsened onh 
between thrombus and vessel wall, which were actual!} in contact 


removed m case 4 The characterH.^ 
In the gross, before fl^atlO^, ; 

as a thin 


ht 


4ibout llA inches (3 7 cc ) of both femoral arterr and rein 
excised under local anesthesia Both vessels were resected, irti-' 

peruascular inflammatorr process prevented separation and i en i conp'^' 

and vein Microscopic stud} of the excised segments cl’V' - 

obliteration of the arter}" by an organized tlirombus (fig 4) 
were tvpicai of thrombo-angntis obliterans 

9 Lewis and Reichert The Collateral Circulation m T 
Obliterans, ] \ M \ 87 302 (Julv 31) 1926 
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The day following this operation, the patient reported a subjective feeling of 
warmth m the foot and leg In his own words, it felt as it “the blood were trying 
to force through ” The continuous pain was relieved and was replaced by a 
stabbing pain There was a marked increase in the surface temperature of the 
toot The return of color following obliteration of the capillaries bv pressure uas 
more rapid m this foot than in its mate These changes were definite and lasted 
about four w'eeks The ulcer bled freely during thiS time and diminished somew'hat 
in size Pam returned early and became a major factor in the care of the patient 
The dorsalis pedis pulse was felt on one occasion 

After four w'eeks pain continued to increase, and the ulcer began to spread 
Amputation above the knee became necessary, and an uneventful convalescence 
followed 

The obliteration of the lumen of the artery was so neaih complete 
that the mechanical effect of blocking the small amount of blood that 
could find its way through the remaining channel of the femoral arten 
must have been inappreciable The pressure m the deep femoial 
aiteiw probably was not elevated to a significant degiee Furthermoie, 
the hyperemic reaction was too prompt to postulate mechanical dilation 
of the collaterals as a cause The conclusion is forced that the effect 
followed the incidental removal of sympathetic fibers in the coat of 
the aitery 

Case S — A Greek, aged 39, entered the hospital m June, 1929, with dry gan- 
grene of the right foot Beginning tw'O years previouslj, he liad had three amputa- 
tions of the left foot and leg The first was an eve sion of the fifth metatarsal and 
little toe for bone necrosis , the second was an amputation at the junction of the 
middle and upper thirds of the tibia for spreading gangrene , the third w'as a 
supracondylar amputation for unhealed stump At this time a clinical and patho- 
logic diagnosis was made of thrombo-angiitis obliterans Nearlj a year before the 
last admission, gangrene began m the remaining right foot and slowlj spread 
until on entrance it involved practically the entire foot distal to the astragalus 
Pam W'as not marked until shortlv before entrance The low'er part of the leg was 
cool, cyanotic and edematous The popliteal and distal pulses could not be felt 
The common femoral was easily felt The femoral pulse could be traced part w'ay 
dow'ii the thigh w'lth great difficultj , in spite of extreme atrophj of the musculature 

In this case amputation of the foot was obligatorj, but it was exceedingly 
desirable to save the one remaining knee joint It yvas certain that amputation 
could not be successfully performed beloyv the knee m the existing state of circula- 
tion of the loyver part of the leg With the experience of the last case m mind, the 
Leyyis procedure yvas performed in the hope that the circulation yyould improye 
sufficiently to permit the conseryatne amputation On this occasion arteriectonn 
was done, not based on the mechanical conception, but yyith the express purpose of 
accomplishing sympathectomy A. portion of the fused artery and yem, about 
2 inches (5 cm) long, yyas excised Sliortlj after operation, the patient noted a 
sensation of increased yyarmth in the leg This y\as readilj confirmed by palpation 
The cyanosis disappeared, and the eleyated surface temperature remained There 
yyas no improyement m pain The gangrenous area became moist on the day 
lollowmg arteriectonn 

The eyidence of improyed circulation seemed to justify an upper tibial amputi- 
tion, although ultimate healing of the stump could not be predicted yyith am con- 
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fidence An amputation at the lower border of the upper third of the tibia was 
performed sik days after the arteriectomy The wound showed moderate necrosis 
About two weeks later it was necessary to perfoim supracondj lar amputation for 
persistence of unbearable pain and failure of the wound to heal The final amputa- 
tion stump of the thigh healed without incident 

In this case also, examination of the excised arteiy showed the 
possibility of piactically no mechanical effect The lumen M’-as com- 
pletely filled with thiombus which undei the micioscope showed a few 



Fig 5 — Cross-section of femoral arterj'^ remo\ed m case S The characteristic 
changes of thrombo-angntis obliterans are recognized The complete blocking 
of the lumen bj organized and shghth canalized thrombus is obMOUs 


minute channels (fig 5) In this case also, the hypeiemia an as too 
prompt to pel nut a mechanical explanation of the lmpro^ed distal 
circulation 

The unmistakable clinical CMdcnce of improved circulation in these 
two cases following artei lectomj , even though amputation was atoided 
m neither bears out Lewns’ expeiience I ofier, howe\er, a dilterent 
interpretation of the results It seems more probable that an incidental 
s} mpathectonn explains the phenomena Both cases had praclica } 
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completely obliterated aiteiies, both cases showed immediate impiove- 
ment in circulation following the excision of the vessels In neithei 
case could any significant alteiatioii in pioximal piessuie hare been 
accomplished by the blocking of the blood current 

Gjoup IV — Tiaumatic Ancuuiysm — Cases 6, 7 and 8 — These three cases 
need not be described in detail, because in none of them is there an}' ground to 
affirm a favorable influence by arteriectomy In each of them ligation abo\e and 
below the sac of a false aneurvsm was necessary on account of either extensne 
injury to the vessel or the densit} of scar tissue about the vessel One was an 
acute traumatic aneurysm of the ulnar arterj, one a traumatic aneurism of the 
popliteal artery of long standing and one a similar aneurjsm, e\en more chronic 
of the femoral artery In each case the segment of arterj between the ligations 
was excised In all three cases distal circulation was unimpaired alter operation 

The point m mentioning these cases is to put on recoid anothei 
variety of vasculai disease in which the inoposed piinciple can be safely 
applied 

COMMENT 

The cases in these foui gioups have in common the element of 
ligation of a majoi artei} In none of them could the ultimate usefulness 
of the vessel as a blood channel be hoped for In none ol them could 
the excision be haimful In at least foui, theie appealed CMdence of 
impiovement m the distal circulation following the excision of a 
segment of the occluded aitei} 

The mechanical factors m the development of collateral cii dilation 
cannot be dismissed wnthout lecognition The ligation of an aceom- 
pan)ung vein as advocated on clinical grounds b) Makins and on 
experimental giounds b) Brooks and IMartin must not be neglected 
Fuitheimoie, iiostural tieatment, piotection and heat must continue to 
be emplo3ed as useful agencies m ischemia I do not piopose that this 
opeiation leplace tried measures 

The excision of an aitei} is not proposed when theic is the jiossi- 
bihty of dangei Danger of destroiing collateral channels mae exist 
in the excision of the walls of a true aneurism and possibh of a false 
aneur3'sm as taught 113 INIatas It is improbable that collateral cb.m- 
nels existed m the badh scarred aiterial walls of the two c.ists ot 
chronic false aneur3sm preiioush cited In neither case was the sac 

10 Makms, G Influence Exerltd b\ the Militari Expenenee 01 lohii Hunter 
Lancet 1 249, 1917 (Tlie Hunterian Oration) 

11 Brooks B, and klartin K \ bimultTieous Ligation 01 Vein md 
■\rtere J A. M -k 80 1678 (Tune 9) 1921 

12 Matas, R m Keen Sursicre Phihdelphn \\ B 'launders Compiin 
1909, \oI 5, p 269 



